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Abstract 
This thesis considers the application of ergonomics in Industrially Developing 
Countries (IDCs) with a particular focus on rural subsistence agriculture in Ghana. 
The thesis had two aims, firstly to identify the need for ergonorMcs to be incorporated 
into international development projects. A survey of the causes and incidence of ill- 
health in subsistence fanning was undertaken A high incidence of occupational 
disorders was recorded with injuries Erom. handtools and lower back pain being 
endemic. This survey was followed by a checklist analysis and Participatory Rural 
Appraisal of agroprocessing. Ergonomics issues were identified in many 
agroprocessing activities. These included poor posture, repetitive motions, manual 
handling, and stressful work environments. Inappropriate technology transfer was 
widespread. Farmers behaviour when working in high ambient temperatures was 
investigated in the field. Whilst methodological problems were encountered and 
discussed, heat stress was considered a potential problem that deemed further 
investigation. 
From the surveys and field investigation, ergonorMcs problems in human work in rural 
subsistence agriculture were identified and a need for ergonotMcs to be incorporated 
into development projects was demonstrated. In the light of this, the second aim of 
the thesis was addressed, investigating the appropriateness of tools, methods and 
standards for use in IDCs with an ergonomics tool kit being developed. Following on 
from the field investigation into working in the heat, stratergies for assessing heat 
stress in tropical agriculture were assessed in terms of their validity and usability. In a 
simulated tropical agricultural task heat stress standards (ISO 7243 and ISO 7933) 
were found to be valid if over protective. It can be anticipated that the ISO 7243 can 
be easily used in IDCs. The usability of ISO 7933 however was questioned. 
As the standards failed to accommodate for solar load, solar radiation and its effects 
on the human thermoregulatory system were considered. Six subjects performed a 
step test in outdoor conditions with a solar load, repeating this in similar conditions in 
a thermal chamber with no solar load. The difference in sweat loss between the 
conditions was attributed to the increased load from solar radiation. In the conditions 
measured, the radiation incident on the human thermoregulatory system was 82W/M 
2. 
Two existing models for solar radiation were validated. 
Subjective and objective ergonomics tools were assembled in a tool kit that was used 
on an ad hoc basis in the field in Ghana. A pragmatic approach to the usability of the 
tool kit was adopted. Drawing on practical experiences and expert analysis, it was 
found that simple, reliable, robust and easy to maintain equipment was most 
appropriate and usable in the field. Subjective rating scales proved to be difficult to 
use and were unreliable. Participatory rural appraisal methods were found to be 
simple, rapid and well suited to ergonomics research in tropical agriculture. 
Practical implications from the research in Ghana were discussed and 
recommendations made. The thesis concluded that there is a need for ergonomics 
interventions in IDCs with the ergonomics tool kit being generally acceptable for use 
in this field. 
The thesis concluded that there is a need for ergonormcs and that the tools, methods 
and standards considered were found to be generally usable, although the approach 
often required adapting to local circumstances whilst maintaining scientific integrity. 
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he Evaporative heat transfer coefficient W/M2 XPa 
hr Radiative heat transfer coefficient W/M2. oC 
HSI Heat Stress Index ND 
Direct solar intensity W/M2 
Thermal insulation of the boundary layer on a nude person 2 CIO, M. OC/W 
IC1 Effective clothing insulation CIO, M2. oC/W 
Id Diffuse solar radiation W/M2 
ItIt Total solar intensity W/M2 
Itr Terrain albedo W/M2 
K Heat transfer by conduction W/m, 
K, I, a Coefficients depending upon clothing ND 
Kp, Coefficient depending upon terrain and posture ND 
M Metabolic free energy production per unit body area W/m2 
MR Predicted four hour sweat rate I 
Pa Partial pressure of water vapour in air KPa 
Psk, 
s 
Saturated water vapour pressure at skin temperature KPa 
Qmax Maximum heat storage Wh/m 
R Radiative heat loss per unit area W/m 2 
RH Relative Humidity % 
ReT Total evaporative resistance of clothing and boundary layer M2 kPa/W 
rreq Evaporative efficiency at required sweat rate ND 
rreq Required evaporative efficiency at required sweat rate ND 
R, Solar heat load on body W/M2 
SWM11 Maximum sweat rate that can be achieved by persons W/M2 
Swmes Actual measured sweat rate W/M2 
SWP Predicted sweat rate W/M2 
SWreq Sweat required W/M2 
,a Air temperature 0C 
t" Aural temperature 0C 
la Mean surface temperature of the body 0C 
19 Globe temperature 0C 
lnwb Natural wet bulb temperature 0C 
Ir Mean radiant temperature 0C 
xx 
tsk Mean skin temperature 0C 
t, Aspirated wet bulb temperature OC 
tsk, 
p Predicted mean skin temperature 0C 
U reduction in heat dissipation from the skin with sunlight ND 
V Air velocity m/s 
W External mechanical work per unit area w/M2 
W Skin wettedness ND 
WBGT Wet bulb globe temperature 0C 
Wmax Maximum skin wettedness that can be achieved by persons ND 
Wreq Required skin wettedness ND 
X Average cloudiness % 
Exchange Rate 
(June 20 1997) 
fl= 3470 0 (Cedis) 
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Introductmion 
I- Introduction 
1. Introduction 
1.1 Background to thesis 
Ergonomics research in Industrially Developing Countries (IDCs) has been practised 
with increasing momentum over the past 30 years (Kogi and Sen, 1987). Whilst 
much of this research has had practical implications, it has predominantly been bound 
in academia. Until recently there has been little dissemination of this ergonomics 
knowledge to international development organisations who are responsible for much 
grass roots development in H)Cs despite the benefits that could be reallsed from 
incorporating an ergonomics input to development projects. 
There is an increasing awareness of ergonomics within the UK Government's 
Department for International Development' (DFID), particularly within the Natural 
Resources Strategy Programme where it is being actively promoted by David O'Neill 
and Tahseen Jafry from Silsoe Research Institute. In 1995 the DFID (Agricultural 
Engineering Section) recruited the author within their Associate Professional Officer 
Scheme (APOS). Thus the research presented in this thesis was sponsored by the 
Department for International Development (DFID). The first year involved full time 
research based at Loughborough University, whilst the second year was spent on 
secondment to a DFID project in an industrially developing country, 'in the 
field . 
Under the guidance of Professor Ken Parsons, the full time research focused upon 
ergonomics methods and standards for use in tropical agriculture. The primary 
focus 
1 Formerly the Overseas Development Administration (ODA) 
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was on heat stress standards that are methods for assessing hot environments. These 
are intended to be internationally transferable and would be of use in tropical 
agriculture given the high ambient temperatures in such an environment. 
The field work was originally intended to be conducted in Indonesia and Bangladesh 
on a DFID project entitled 'Handtools for Crop Production'. This project had a 
specific ergonomics content, with objectives including the reduction of drudgery and 
effort associated with manual crop production; training indigenous researchers in the 
use of participative techniques and expanding the range of ergonomics research 
including the provision of new equipment. Whilst this project was scheduled to run 
for the duration of this PhD. it was terminated at the end of March 1996 because of a 
lack of funding. 
Another DFID project was thus sought into which an ergonomics input could play a 
useful and meaningful role. One such project running in Ghana, West Africa was 
identified within the DFID Crop Post Harvest Programme managed by the Natural 
Resources Institute (NRI), entitled 'Development and Orientation of Cassava Chip 
Production in Relation to National and International Markets for Food Consumption 
and Animal Feed in Ghana'. Whilst ergonomics was not explicitly included within 
the terms of reference to this project, it was felt that ergonomics could easily be 
incorporated to help realise the projects goals. It must be noted that funds were not 
made available for ergonomics equipment, nor was such equipment available from 
the NRI which is primarily an agricultural research institute. Equipment was thus 
borrowed from Silsoe Research Institute and Loughborough University. 
Ergonomics inputs to the project included working on a multi-disciplinary team 
project, evaluating the strengths and weaknesses of various post-harvest agricultural 
production systems and investigating the human-technology interactions in cassava 
chip production systems. This thesis presents elements from all these pieces of work 
and aims to identify associated problems and produces recommendations 
for 
conducting ergonomics research in the field. In addition, outside the terms of 
reference, the opportunity was taken to conduct a survey of farmers' occupational 
disorders and a field study of farmer's behaviour when working in the heat were 
carried out. 
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1.2 Aims of thesis 
The majority of the population in IDCs work in the agricultural sector, with human 
energy being the primary source of power. The multi-disciplinary approach of 
ergonomics addresses the input of human energy to work, aiming to improve the 
efficiency of human labour, reduce drudgery and improve safety and health. With the 
achievement of these goals, increases in productivity and well-being can be expected. 
Productivity can rarely be improved solely through technological innovation. Where 
new technologies are developed or imported, the needs, desires and characteristics of 
the prospective recipients must be considered. Failure to do so can alienate the 
intended users, be expensive in terms of material loss and human suffering, and result 
in the improvements being rejected with the ultimate failure of the project. 
For new technologies to be sustainable, they must be appropriate, and be perceived by 
the recipients to be of value and use. Sustainable "user friendly" improvements are 
most likely when the drudgery in tasks is reduced, productivity is increased and the 
interfaces between user, technology and environment are improved. By focusing on 
people, ergonomics fosters a participatory approach and a perception of "ownership" 
of problems and solutions by the recipients. Whether it is in redesigning hand tools or 
changing working practices, the focus is on empowering the local community. 
The ergonomist working in an IDC will require methods, tools, techniques and 
standards to apply. These may be well established in the IC, however the question of 
whether they can be used in II)Cs has rarely been raised. O'Neill, (1997) has 
suggested that some further validation of ergonomics methodologies may be required 
for IDC applications. In considering health and safety standards, Venturi et al., 
(1987) concluded that existing standards must be adapted and where necessary 
revised for use in II)Cs. Kow et al., (1991) however found that international 
anthropometry standards were appropriate in their current form for use in II)Cs. 
This thesis thus considers ergonomics in Industrially Developing Countries, with a 
particular focus on its applicability to rural subsistence agriculture. Existing fanning 
practices are investigated with the following two alms: 
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Demonstrate a need for ergonomics to be incorporated into development projects in 
tropical subsistence agriculture. 
If a need for ergonomics can be identified, ergonomics tools, methods and standards 
will be required to implement the ergonomics approach. In light of this, the following 
aim is: 
IJ Evaluate the validity and usability of existing tools, methods and standards for use 
in tropical subsistence agricultural. 
1.3 Organisation of thesis 
The development of this thesis was essentially pragmatic in its approach with its 
direction being uncertain until well into the research, hence the organisation of the 
thesis does not follow the chronological order in which the work was conducted. 
Rather it adopts a logical approach as follows. 
1. Introduces the area for study by way of a review of the literature (Part One). 
2. Following the review of this literature, the research focused upon a specific sector, 
subsistence agriculture, within a specific IDC, Ghana. Ergonomics issues within 
Ghanaian agriculture were considered (Part Two). This was done by way of three 
studies carried out with subsistence farmers in the Brong Ahafo region of Ghana. 
Firstly a survey of occupational disorders amongst farmers was conducted (Chapter 
4) followed by a survey of technology transfer in rural agro-processing (Chapter 5). 
Finally, an investigation into the thermal stress of agricultural work in high 
ambient temperatures was conducted (Chapter 6). Both the surveys and the field 
study highlighted problems that could be addressed by incorporating ergonomics 
into development programmes. In addition, these pieces of work provided 
methodological issues that are addressed in the final chapter. 
3. Having identified a need for ergonomics input, the question of whether ergonomics 
tools, methods and standards could be used in IDCs was then considered (Part 
Three). Given the hot, humid, tropical environments that are characteristic of 
many IDCs, heat stress standards were selected as relevant and potentially 
important tools that could be used by the ergonomist in an IDCs. Chapter 7 
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introduces ISO standards for evaluating hot environments and Chapter 8 presents 
a study evaluating them in terms of their validity and usability. These standards do 
not account for solar radiation, (which could be expected to have a significant 
affect on agricultural workers in tropical environments) hence methods for 
evaluating solar radiation were considered (Chapter 9). An ergonomics tool-kit 
was developed and used in the field, both in collecting data during work presented 
in Part Two and in a case study that is presented in Chapter 11. 
4. In Part Four the thesis addresses lessons learnt from the field work in Ghana 
(Chapter 12). This includes a critique of the tool-kit and a discussion of practical 
issues when working in subsistence agriculture. Finally, conclusions from the 
work are drawn and suggestions for further work are made. 
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2. Ergonomics in Industrially 
Developing Countries= Literature 
Review 
2.1 Aims 
This chapter provides a review of the issues and activities in the application of 
ergonomics in industrially developing countries with the specific aim of considering 
whether there are differences between ergonomics in industrialised countries and in 
developing countries, in terms of scope, aims and approach. 
2.2 Developing countries- A Definition 
The concept of the "third world" emerged after World War Two as a category to 
identify political neutrality in the context of the cold war (Thomas 1994). The 
distinction was originally based upon ideological commitment rather than conditions 
of economic attainment, however the main connotation became one with economic 
status and richness or poverty. Hence the "First World, " (the industrial market 
economies of Western Europe, North America, New Zealand, Australia, Israel and 
Japan); the "Second World", (the previously centrally planned economies of Eastern 
Europe) and the 'non-aligned' "Third World", (the remaining countries of the world; 
Africa, Asia, the Middle East, the Pacific, Latin America and the Caribbean. - 
Simpson 1994, Welsh 1990). With the dissolution of the former USSR, the 
disappearance of the "second world, " and the incoherence of grouping countries that 
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are home to the majority of the Earth's population regardless of their industrial 
development, the relevance of such a category system has been questioned. Other 
terms for the poorer nations have therefore been introduced; 'Under Developed 
Nations. ' 'Least Developed' and 'Nations of the South. ' These terms are however, 
also unsatisfactory. 'Nations of the South' introduces the anomaly of Japan and 
Australia, both Southern industrially developed economies. 'Least Developed' 
presumes that such countries have yet to reach the development of the industriallsed 
nations. Finally, 'Under Development' fails to consider the rich culture, history and 
civilisation of these countries. It must be noted that until the Age of Enlightenment, 
science was more Asian than European. 
Simpson (1994) notes that there is no sharp, defining edge to the 'Developing' or 
'Third World. ' In the light of this and the difficulty in finding a suitable terminology, 
in this thesis the term that is used by most ergonomists in this field shall be used, that 
is Industrially Developing Countries (IDCs). 
Typically IDCs are plagued by poverty, have very high rates of population growth 
with low growth rates of gross domestic product (GDP) and Industrial'satIon; high 
dependence on agriculture; a high rate of unemployment and uneven income 
distribution (Ghosh 1984). Furthermore the health status of people in IDCs is often 
poor with a high infant mortality rate and short life expectancy -typically less than 70 
years and sometimes less than 60 (WHO 1986). 
2.3 Ergonomics- A definition 
Ergonomics "discovers and applies information about human behaviour, abilities') 
limitations and other characteristics to the design of tools, machines, systems, tasks, 
jobs and environments for productive, safe, comfortable and effective human use" 
(Chapants 1985). As a discipline it is relatively new. Its name was invented by an 
inter-disciplinary group in Oxford in 1949, being derived from the Greek words ergos 
(work) and nomos (laws). The importance of ergonomics, or Human Factors as it is 
known in the USA, was first realised during the Second World War when a 
multidisciplinary approach was required for effective operation of complex 
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machinery. New equipment was often unable to be used effectively or safely because 
the abilities required of the human operator were greater than those that could be 
delivered (Oborne et al.,, 1993). Hence physiology, anatomy, psychology, physics and 
engineering were amalgamated to solve human problems in the interaction with 
machine and environment; fitting the task to the individual or where this is not 
possible, using appropriate training methods to fit the individual to the task. Thus 
ultimately ergonomics is concerned with comfort, safety and performance. 
Sanders and McCormick (1987) have defined ergonomics in terms of its focus,, 
ob ectives and approach: j 
1. The focus of ergonomics is on human beings and their interactions With products, 
equipment, facilities, procedures and environments used in work and everyday 
living. It seeks to better match the capabilities, limitations and needs of people to 
the things people use and the environments they use them in. 
2. The objectives of ergonomics are: 
" To enhance the effectiveness with which work and human activities are 
carried out. 
" To maintain or enhance certain desirable human values in the process e. g. 
health, safety, satisfaction. 
3. The approach of ergonomics is the systematic application of relevant information 
au "out human abilities, characteristics, behaviour and motivation in the execution 
of the activities listed under 1. 
Whilst this may be a good definition in terms of the philosophy and background to 
ergonomics, it may not always be the same as the ergonomics strategy broadly 
practised. Moray (1994) notes that ergonomics has traditionally been concerned with 
three enterprises; military systems, increased productivity, and improved worker 
health. There are many aspects of products, equipment, facilities, procedures and 
environments used in work and everyday living that are neglected. This is none more 
so than in IDCs which account for three quarters of the countries of the world, yet 
have seen relatively little ergonomics research carried out in them despite their own 
particular problems that ergonomics could address. Thus whilst ergonomics is 
predominantly a Western science, (Chapanis 1974) its scope is international and by 
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addressing people, who in IDCs differ in many parameters, including culture, 
attitudes and body-sizes, it may be argued that only With its inclusion can the benefits 
of engineering and development projects involving people and technology, be truly 
reaped. 
2.4 Ergonomics in Industrially Developing Countries 
In industrially developing countries (IDCs) working practices in unsafe environments, 
both in industrial and rural workplaces, are not uncommon. Shahnavaz (1996) 
suggested that the rate of accidents and injuries at work in IDCs is ten times that of 
industrialised countries (ICs). There are many factors that have a detrimental effect 
on the safety, comfort and performance of workers. The underlying causes are 
usually economic,, socio-cultural or climatic in their origins, often combined with 
inappropriate technology transfer (Table 1). Poor occupational health as an almost 
inevitable consequence can often be identified as a predominant factor in 
perpetuating poverty and low levels of productivity. A vicious circle often exists 
where wages are low because of low productivity, living standards do not improve 
and disease cannot be overcome (Figure 1). The workers' capacity is held down and, 
as a result, productivity cannot be increased. Ergonomics, with its multi-disciplinary 
approach, can help break this cycle by promoting safer workplaces and improving the 
health of workers by reducing occupational diseases, and thereby enabling 
sustainable improvements in productivity. 
Table I Examples of problem with technology found in 1DCs (Kogi and Sen, 1987) 
roblem Suggested immediate causes Underlying cause 
Low machine utilisation Maintenance problems Lack of spare parts 
Lack of skills Lack of appropriate training Poor management 
Low motivation in the High turnover of staff and pressure Infrastructure weaknesses 
workforce from unemployment 
Excessive environmental and Tropical climate Activities and tools not designed 
physical loads for conditions 
Hgh accident rates Inappropriate working practices and Poor occupational health 
poor desiE, of machines and tools 
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Low 
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poor health education,. 
(Disease) inadequate housing 
Figure I The so called 'economic cycle of diseases' (Eigstrand, 1985) 
When implementing ergonomics in IDCs, issues that are unlikely to arise in 
traditional IC ergonomics analyses must be considered. Lippert (1968) stated it 'will 
require a broadening of our traditional horizons to include an awareness of the 
cultural, social and economic contexts in which man performs work'. Thus the 
context of ergonomics will be more focus dependent. Questions may be asked: will 
quick industrialisation lead to growth, or to rural poverty and urban migration? 
(Wisner, 1985, O'Neill and Haslegrave, 1990). Human capital may be a country's 
greatest resource, so care must be taken that higher levels of mechanisation do not 
result in unemployment or under utilisation of this resource. Whilst Western 
technology is often concerned with maximum output and intensive automation,, this is 
not necessarily the case in IDCs where it is often desirable to use the maximum 
amount of labour and still make the industrial enterprises economically viable 
(Thompson, 1972). Moray (1994) noted that 'ergonomic solutions which reduce the 
amount of manual labour through automation are not acceptable solutions for a 
technically unsophisticated population where manual labour may be the only source 
of income'. Rather than high-level technological intervention, the need may be for 
better tools and non-motorised mechanisation. This would make more effective use 
of the mechanical energy available (O'Neill and Haslegrave, 1990) and would be 
more appropriate than transferring expensive and inappropriate machinery from ICs. 
In such interventions, simple improvements according to local priorities can be far 
more effective and acceptable than imposing major changes, tasks and operations that 
may look appealing to governments and sponsors but which are ultimately rejected by 
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the target communities. Small local projects are thus often a more effective means to 
enable ergonomics to focus on relatively low cost solutions and ensure that greater 
importance is attached to the associated cultural factors (O'Neill, 1995, Kogi, 1985). 
Ergonomics, as a scientific discipline, is international in its scope and its alms of 
improving comfort, safety and performance can play a unique role in development. 
The methodology is essentially the same for ICs and IDCs, but for IDCs a greater 
sensitivity to ecological and cultural factors may be required. Neither ICs nor IDCs 
are homogenous and any successful ergonomics intervention will depend upon 
acknowledgement of this fact. Whilst major differences between ICs and IDCs 
clearly exist, (Table 2), differences between II)Cs themselves should not be 
overlooked and may be comparable in importance. 
Table 2 Differences between Industrialised and Industrially developing countries. (From North, 
1987 and Mohan, 1987) 
,y 
Developing Countries (IDCs) Industrialised Countries (ICs) lndusqý41 
Prevalence of manufacturing industry and Prevalence of agriculture 
service sector 
Clearly defined work tasks, rationalised work Definition of work task by the individual 
Mass production; little contact between Closer contact between consumer and 
consumer and manufacturer manufacturer 
Workers familiar with technology Little contact with technology 
Homogeneous level of technology, Wide range of technology, productivity and 
productivity and working conditions working conditions in different regions and 
Work for social identification 
Unions interested in safety 
Manual labour content low 
Little man-machine interaction 
2.5 Technology transfer 
economic sectors 
Work for subsistence 
Unions mainly interested in wages and 
income issues 
Manual labour content high 
Great deal of man-machine interaction 
Technology transfer has been defined as "the process of introducing an existing 
technological knowledge where it has not previously been conceived or implemented55 
(Ong 199 1). Technology is often seen by IDCs as a major tool in achieving 
accelerated economic development. ICs are keen to transfer their technology to IDCs 
in the reallsation that it is in their interest to do so, both in order to maintain a sphere 
of influence in the recipient country (May et al., 1989) and to promote trade and a 
marketplace within that country. Technology that is capital intensive and thus 
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maximises output has been argued by some authors to be in the best interests of 1DCs 
(Stewart, 1985) with the only way to respond effectively to the problems of IDCs 
being to industrialise them as rapidly as possible (Wisner, 1985). Industrial isati on 
strategies however, have not been successful in solving problems of poverty and 
inequality (Darrow and Saxenian, 1993). Technology transfer has often been labour- 
displacing and dependency creating (George 1984). In addition , introducing 
inappropriate technology can be both socially and economically destructive through 
failure to meet its potential. This can occur from under-utilisation of machinery, 
equipment deterioration, frequent and costly repairs, low productivity, poor product 
quality, high rates of accidents, occupational diseases, and low motivation from a 
fear, distrust or rejection of the technology (Kogi and Sen, 1987, Shahnavaz, 1987). 
Whilst many countries have had a tendency to promote technological change from the 
top, assuming that the introduction of advanced sectors of the economy will gradually 
filter down to all levels, eventually modemising all sectors of the economy (Jones, 
1971) the evidence that the poor remain poor indicate this is a mistaken assumption. 
Indeed it has been argued that the top-down approach 'will simply not work if one has 
a serious concern for the socio-economic upliftment of the clientele group' (Mohsin, 
1989). In the light of this, the emphasis in development strategies has shifted from 
the maximisation of output, to the provision of basic human needs (Carr, 1985). An 
integral part of this change in emphasis has been an increased interest in the 
development and dissemination of technologies that are appropriate to peoples needs 
and means (Carr, 1985). 
2.6 Appropriate Technology 
Whilst there is no consensus as to what 'Appropriate technology" actually means 
(Scott, 1996), as a movement in international development it can be traced to the 
writings of EF Schumacher (1973) who identified unemployment as a fundamental 
development problem that could be addressed by the need to create productive 
' The terms 'Appropriate Technology' and 'Intermediate Technology' are often used 
interchangeably. Intermediate technolop., 
refers to technology that stands in-between traditional and modem 
technology. Appropriate technology ma,. - be considered as the 
generic term for technologies characterised 
by low-cost, organisational simplicity, high adaptability to a particular social or cultura I 
environment, sparing use of natural resources and 
high potential for employment (Jdquier and Blanc 1983). Because of the 
econorm 
gy generally preferred as and engineering overtones of the term intermediate technology 
the term appropriate technolo it 
represents, among other things, the social and cultural 
dimensions of the movement (Congdon, 1977). 
. 
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workplaces. He saw technology 'With a human face' as a means to make people more 
productive, and emphasised improvements to productivity centred around people. He 
argued that for technology to be successful it must be characterised by simplicity, 
small-scale, low cost, local and be non-violent. Furthermore , it must reflect the 
environment in which it is to be utilised (Meshkati, 1988a). The solution that is 
appropriate to one situation may be unsuitable in another, either because it is too 
complex or insufficiently advanced (Dunn, 1978). For example in sub-Saharan Africa 
the ox-drawn plough is a more sophisticated tool than the traditional hoe, whilst in 
south-east Asia it can be considered a traditional technology (Jequier and Blanc, 
1983). Appropriate technology development projects have addressed a wide range of 
problems, such as farm transport with low cost wheelbarrows specifically intended for 
the transport requirements of small farmers (Hathway, 1985); irrigation, with hand- 
pumps that are low cost, easy to construct and maintain (MAWTS, 1984); cold- 
storage and ice making, with solar power refrigerators (Exell et al., 1976); and 
workshop equipment such treadle operated wood-turning lathes (Ingham and Smith, 
1986). 
The role of Appropriate Technology has developed from an emphasis on the 
characteristics of technology, to the technological capabilities of people (Scott, 1996). 
The fundamental involvement of all stakeholders, such as farmers, community 
members and artisans is now key to the field of Appropriate Technology which 
believes that sustainable development is achieved only if the participants in the 
process are central to its planning and implementation. By putting people first 
Appropriate Technology aims to "ensure that communities design and control 
technologies appropriate to their skills, incomes and environments for their own 
development" (ITDG, 1998). The focus of appropriate technology however has been 
driven predominantly by socio-economics. Ergonomics, with its consideration of the 
individual characteristics of the users of technologies, has received little attention in 
this field. Seemingly appropriate technologies have been developed, yet have been 
rejected because the human factor had not been taken into account. For example new 
ox-drawn ploughs in Zambia reduced the draught force required and 
increased the 
quality of work, yet the farmers found them too heavy and 
did not use them (Dibbits, 
1993). To fail to consider ergonomics may result in appropriate technology not being 
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wholly appropriate. An apparently appropriate tool may be developed that is 
acceptable to men, yet be unsuitable for women to use because it does not take into 
account their physical capacity and capabilities (Jafry, 1998a). In assessing 
appropriate technology it follows that there must be a 'built-in" ergonomic criteria to 
attain sustainable development (Manuaba, 1998). 
2.7 Macro and Micro Ergonomics 
Any intervention involving a tool, machinery or a system must adopt this ergonomics 
philosophy for the full benefit to be realised. Indeed, Meshkati (1988b) suggested 
that 'pply through a thorough ergonomics analysis... can provision be made for 
effective alternatives to ensure the appropriateness of transferred technology and its 
safe and efficient utilisation by the recipient country. ' 
The application of ergonomics in H)Cs must consider two principal areas; macro- 
ergonomics and micro-ergonomics (Table 3). Whilst macro-ergonomics is concerned 
with the broader socio-cultural and organisational system issues, micro-ergonomics is 
concerned with the individual, physiological and psychological aspects. Often the 
ergonomics of technology transfer will be considered only at the micro level. It is 
entirely possible to do an outstanding job of micro-ergonomically designing systems 
components, modules and subsystems, yet fail to reach the desired system's effective 
goals (Hendrick, 19 87). To ensure both full integration of imported technology to an 
IDC and effective incorporation of ergonomics into any workplace or occupational 
situation, the macro and micro ergonomics issues as discussed below must be 
addressed. 
Table 3 Macro- and Micro- ergonomic factors to be considered when applying ergonomics in EDCs 
Macro ergonomics Micro ergonomics 
Culture LJ Physiological 
" Organisation * Anthropometric 
" Infrastructure 9 Nuffitional 
L) Climate * Thermal 
U Environment * Postural 
U Psychological-Cognitive 
" Language and literacy 
" Stereotypes 
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2.7.1 Macro Ergonomics 
2.7.1.1 Culture 
Many animals live in complex social groups, but only humans live in societies With 
common behaviour governed by ethics and morality. Such behaviour Is arrived at 
through negotiation or co-operation, and this constitutes culture. Thus culture is 'the 
way of life of people' (Meshkati, 1988a). Culture is reflected through beliefs and 
attitudes towards work organisation, motivation, working habits, group dynamics, 
religion and customs (Ong, 1991). The Protestant work ethic of ICs is largely alien to 
II)Cs. It has been said that traditionally agricultural orientated workers reacting to 
imported technology 'have not internalised the technological culture' (Engler, 1985). 
In India, a job is often regarded as a family responsibility or a collective task; 
attempts to bring in anyone from outside the family can often cause resentment and 
resistance (Chapanis, 1974). Sen (1984) notes that '. people of many developing 
countries have a tradition of simple living but high thinking. In rural areas, 
especially, they wish to devote a greater part of their lifetime to stand and stare and to 
derive enjoyment from their work. " 
In some communities social status presents a strong bias to occupation. For example, 
in India, menial, dirty jobs are traditionally carried out by the Haryans or untouchable 
caste. Similarly management positions may be filled on political influence or family 
status rather than ability. Sinaiko (1975) suggests that in technical enterprises this 
can result in such managers under-performing, with their lack of expertise combined 
with a 'no dirty hands' attitude making them ineffective managers, particularly in the 
supervision of maintenance operations. 
In communities where traditional customs have been observed over the centuries, a 
fear or resistance to changes that new technology brings is to be expected. Often the 
fear of industrial automation will be the fear of unemployment. Whilst in ICs 
automation is used to reduce labour costs by using the minimum amount of labour, in 
IDCs the maximum amount of labour utilisation is desired provided that it is not 
demeaning or degrading. Fear of technology can continue after installation. 
Replacement parts may need importing from the country of manufacture and hence 
15 
2. Literature Review 
be expensive and/ or difficult to obtain. A fear of breakage's or ignorance of 
maintenance needs will become manifest in under-utilisation, inefficiency and 
rejection. The ergonomist can reduce this resistance and fear of change by 
demonstrating that the new process is more rewarding (Thompson, 1972). S/he can 
involve the anticipated user population, creating a feel of ownership towards the new 
technology (Eason, 1992) by using education, appropriate training methods and a 
participative approach. 
Religion in II)Cs tends to play an important part in peoples lives. Consequently 
religious observances must be considered when transferring technology. An 
interesting example of failure to do this was the cause of the Indian Mutiny in 1857. 
New rifles were introduced to the Indian army, with new cartridges. To load the rifle, 
the ends of the cartridges had to be bitten off. They were allegedly greased with cow 
and pig fat. Hindus will not eat cows which they consider sacred, whilst Muslims will 
not touch 'unclean' pigs. Religion can have a strong influence on working practices 
and management by influencing the family structure and the society's views on work 
(Table 4). 
Table 4 Differences between countries as suggested by McCright and Venkatesh, (1988) Table shows 
variations in family structure and views on materialism that result from adherence to the primary 
religion in a country. 
Country Religion Family Views on materialism Management structure 
structure 
USA Judeo- Loose family Protestant work ethic Individual success 
Christian stressed 
Japan Buddhism National Family Wealth supports family Consensus stressed 
Egypt Islam. Joint family Spiritualism stressed National goals stressed 
India Hinduism Extended ýýl Neutral- 
._ __ 
Patrimonial/ bureaucratic 
In Hinduism and Buddhism, Karma,, (crudely the laws of cause and effect) helps 
explain misfortune. Within the caste system, the inferior social status of 'the worker' 
tends to reinforce these beliefs that misfortune is a personal responsibility (Wangel, 
199 1). In Islam, accidents may be attributed to Inshallah- 'God's will'. In Nigeria,, 
Voodoo and Juju charms often replace safety tools; Sanwo (1996) cites an example of 
a tree climber preferring to use his charms and voodoo than use the safety equipment 
provided by his employer. 
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What is considered socially acceptable in ICs may be abhorrent in IDCs (and'vice- 
versa). In India, for example, a western style safety poster, featuring a scantily clad 
woman had to be withdrawn because it was considered too obscene (Sen, 1984). 
2.7.1.2 Organisation 
Organisational transfer is often insufficient or inappropriate, Ong (1991) noted that 
many individuals may have difficulties in adjusting to new techniques, management 
and organisation associated with technologies from ICs. Wisner (1985) refers to 
incomplete transfer in the organisation of maintenance. The supplier often does not 
provide a realistic description of the maintenance organisation that should be 
transferred,, consequently it is left to the ingenuity of local artisans. 
It is a mistaken belief that the organisational cultures found in many ICs are 
inherently transferable. Whilst organisations in ICs are geared towards clearly 
defined work tasks and rationalised work, in II)Cs the definition of the work task is 
frequently made by the individual (North, 1987). Hofstede (1980) comments that the 
concept of achievement is hardly translatable from English into any other language. 
Similarly, Maslow's 'Hierarchy of Needs' (Maslow, 1943) is not a universal human 
motivational process. Where religions such as Buddhism or Hinduism predominate in 
cultures, the need may not be for 'self-actualisation' at work, but for 'enlightenment' 
and freedom from Samsara, the wheel of life. Meshkati (1988b) suggests a proactive 
and systematic approach to managerial and organisational transfer, in order to ensure 
a complete and appropriate organisational structure that will work with both the 
technology introduced and the new users. The decision on which management 
systems or methods to promote in an IDC should be based upon specific human, 
cultural, social patterns and deeply rooted local behaviour (Meshkati and Driver, 
1986). 
2.7.1.3 Infrastructure 
Technology from ICs is likely to fail in IDCs if attention to the infrastructure is 
neglected. For example pure water or a stable electricity supply cannot be relied upon 
everywhere in the world (Wisner, 1988). Comprehensive transport systems cannot be 
depended upon: in the late 1980's whilst the USA had one vehicle for every 1.4 
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people, Ethiopia had one vehicle for every 100 people and China one for every 1400 
(Thomas, 1994). Poor roads will damage vehicles, and any intervention involving 
transport for its success must ensure that vehicles are appropriate (e. g. four-wheel 
drive) and sufficiently resilient. Often methods of communication are also inadequate 
(Ong, 1991). Overcrowded and makeshift workplaces are further weaknesses. 
Infrastructure, however, is often a reflection of the economic state of the country, 
which in turn is dependent on external investment from other countries. Such 
investment must be targeted to make optimum use of human capital before other 
benefits can be realised. 
2.7.1.4 Climate 
The hot, humid, tropical environments of many II)Cs may not be suitable for certain 
technologies to be transferred. Sen (1984) illustrates how public buses in Calcutta are 
copies of London double-decker buses. Originally designed for the temperate English 
climate, they are wholly unsuitable for the tropical Indian heat. European equipment 
may not be designed for use in extreme climatic conditions and may therefore suffer 
damage if not complete failure. With insufficient operational information and 
inadequate availability of spare parts for maintenance this situation may be 
exacerbated (Kogi and Sen, 1987). Problems with rusting,, fluidity of lubricators, and 
the performance of glues may be encountered (Wisner, 1985). Additional or 
improved technology such as air conditioning and specialist lubricants may be 
required to ensure imported machinery operates effectively in tropical environments. 
2.7.1.5 Environment 
In IDCs pressures may be placed on natural resources. Depletion of fuelwood is often 
common and in many communities up to 80% of a family's cooking and heating 
energy can come from plant material (Stockman, 1994). Ecological ergonomic 
interventions can help reduce the demands on these scare resources. Igbeka (1993) 
described an improved stove for a tTaditional food processing activity that, as well as 
reducing drudgery, significantly reduced the demand for fuel. 
Water scarcity is often a problem in both rural and urban communities. Women 
predominantly, but also children, often have to travel long distances carrying water 
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from the nearest source to the household. This is a time consuming and arduous task. 
Ergonomics interventions may provide opportunities for reducing the drudgery 
involved in these tasks (Dufaut, 1988, Page, 1996). When water pumps are 
introduced to communities it is important to ensure they are suitably designed to 
accommodate the strength and reach of children who often collect much of the water. 
The use of chemicals in agriculture may have detrimental environmental effects not 
only on soil, water, air quality but also on health. When used in large quantities they 
can have an impact on the food chain through pesticide residues in food (IT, 1992). 
Pesticide misuse is well documented (Rainbird and O'Neill, 1993) and often this will 
be due to a lack of knowledge or training about the chemicals, or inappropriate 
labelling of containers. In Ghana, anecdotal evidence from people involved in 
chemical sales suggest that farmers taste the pesticide before they buy it to verify its 
strength. Similarly in Thailand, farmers have been reported to test the concentration 
of pesticides by dabbing it on their tongues (Bull, 1982). 
2.7.2 Micro Ergonomics 
2.7.2.1 Anthropometrics 
When technology is to be transferred, it is essential to consider the anthropometric 
characteristics of the intended users. Comparative studies of anthropometric data 
show that for almost every part of the human body there are differences between 
populations in II)Cs and ICs (Kogi and Sen,, 1987). For example, the forward reach of 
the 50th percentile North European male is 870mm, whilst that of the 50'hpercentile 
Latin American-Indian male is 780mm (Rirgens et al., 1990). Failure to 
accommodate this difference in control panel design could have serious implications 
for both the safety and comfort of the South American operator. 
It is particularly important to ensure personal protective equipment (PPE) is 
anthropometrically suitable if it is to be adopted. If it is not comfortable , it 
is unlikely 
to be wom. The problems of anthropometrics are compounded by the fact that body 
measurements can differ significantly between rural and urban populations. The 
origins of such differences between IDCs and ICs are suggested by Abeysekera (1987) 
to be genetic, climatic, altitude, level of activity, nutrition, and living standards. 
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2.7-2.2 Nutrition 
In II)Cs many workers suffer from under-nourishment and malnutrition. Poverty is 
associated with decreases in body size measurements, skinfold thickness and body fat 
(Bharati 1989). Workers in II)Cs have been found to expend more energy than could 
be derived from the food they could purchase from their wages (Sen, 1984). Studies 
indicate that people in IDCs can respond to low energy intakes by slowing growth and 
achieving a reduced stature. Many populations live apparently healthy lives on 
energy intakes of about 60% of FAO/WHO standards (Edmunson, 1980). A relation 
between malnutrition and work efficiency, if any, may warrant investigation. The 
ergonomist may, therefore, need to promote the importance of an efficient and 
balanced diet and encourage employers to provide subsidised nutritional supplements 
for their workers as a means to improve both human productivity and quality of life. 
2.7.2.3 Heat 
IDCs are often characterised by hot and humid tropical environments. Excessive heat 
affects workers' performance and precipitates illnesses such as nausea, muscle 
spasms and, in extreme cases, heat stroke. A hot, humid working environment can 
increase the intake of toxic substances through skin absorption (ELO, 1988). A study 
of Thai industries reported heat problems existed in 24% of small enterprises 
(Yunibhand et al. - 
1991). Whilst acclimatisation of only 5-7 days significantly 
increases the ability of workers to work in hot environments (NIOSH 1986) this is 
relative and reversible (Kogi & Sen 1987). Different levels of heat exposure and 
activities on different days have an influence on work capacity (Nag 1994). Thus a 
level of acclimatisation for workers in IDCs above those in ICs may not be assured. 
Kartawikarta, (1987) states that 'the application of ergonomics through a good choice 
of location, tools and methods of work which are suitable to the tropical environment 
is essential to reduce the negative effects of the climate and thus to achieve efficiency 
and well-being at work. ' The importance of work-rest cycles in tropical climates is 
therefore implicated and must be considered in relation to productivity and health. 
Perceptions of thermal comfort may also differ to Western norms (Kogi and Sen, 
1987). Improved ventilation to increase evaporative cooling from sweating and the 
adequate supply of clean water and salt to prevent the undesirable effects of 
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dehydration may often be required (Soemarna, 1987). Any personal protective 
equipment which may be necessary should also consider the increased potential of 
heat stress. 
2.7.2.4 Posture 
Sen (1984) pointed out that posture in I1DCs (specifically India) is often different from 
that in ICs. Squatting and sitting on the floor are common work postures and many 
indigenously designed machines such as lathes and potters wheels are designed for 
use in this fashion. 
In West African agriculture, the primary hand tools are predominantly the short 
handled hoe and the cutlass. Both these tools require stooping for use, a posture that 
is frequently adopted for many activities in the region. Indeed some activities such as 
ridge making and mound making demand much bending to achieve the desired 
objective (Nwuba and Kaul, 1986). Attempts to introduce tools that do not require 
apparently awkward postures have mostly failed (Johnson and O'Neill, 1979). Wood 
(1985) suggested that underlying design assumptions, based on western work 
postures, fail to transfer to their full potential where the majority of the population 
prefer to squat. This may also be true where they prefer to bend. Hence, it may be 
necessary to conduct ergonomics research into the indigenous working habits rather 
than attempting to apply a technique rooted in a different culture and based on 
different data (Sen, 1984, Wood, 1985). 
2.7.2.5 Psychological- Cognitive Differences: Language and Literacy 
In 1994 approximately half the World's children had less than four years in primary 
school (ODA 1995). In many IDCs the level of illiteracy is well over 50% (Thomas, 
1994). The consequences of this will be apparent when technology for a literate 
population is imported into a country where the users of such technology are unable 
to read translated instructions, training and safety manuals. Lack of education will 
often appear as ignorance with traditional practices observed for no other reason than 
'that is the way it has always been done. ' 
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Where many different languages are spoken (for example India has more than 150 
different official languages and a plethora of dialects) , it is almost impossible to 
translate technical literature for all potential users. The assimilation of knowledge 
and know-how will be further limited by local people not understanding the language 
of foreign experts (Ong, 199 1 ). The ergonomist can provide illustrated j ob aids which 
are culturally and socially sensitive, obeying local norms and stereotypes. In addition, 
Chapanis (1974) stressed the importance of good training and evaluation, suggesting 
that in the need to 'save face' Asian students rarely ask questions. 
2.7.2.6 Psychological- Cognitive Differences: Stereotypes 
Stereotypes are not necessarily cross-cultural. Whilst the colour red is universally 
associated with stop in ICs, in China it is not so definitely associated, red being a 
colour of happiness and prosperity. Similarly, it is considered auspicious by Indians 
(Kogi and Sen, 1987). Whilst the stereotype for switches in many countries is taken 
to be the up position for 'off and down for 'on, ' there are many places where the 
opposite can be found. Road signs, which obey conventional stereotypes are not 
universally understood. For example, in one study in India the sign for no horn was 
interpreted as blow your horn please (Kogi and Sen, 19 87). 
2.8 Ergonomics and rural development 
Perhaps the single most important difference between ICs and IDCs is the prevalence 
of agriculture, especially subsistence farming. Rural communities provide the basic 
economic output for many IDCs in the production of food for rural and urban 
communities and of cash crops for export to earn foreign currency (Gabriel, 199 1). 
Rural agricultural development is therefore usually the forerunner to industrial 
development and to more dependable methods of wealth creation (O'Neill, 1995). 
Manual labour predominates in IDCs; in agriculture nearly 70% of the energy used 
for crop production activities in Asia is of human origin and in Sub-Saharan Africa 
almost 90% (FAO, 1987). To optimise this energy, ergonomics can help enhance 
human performance by considering the physical and mental capabilities of the human 
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at work and the interactions between environment, organisation and equipment design 
that are often unfavourable to the human (Table 5). 
Table 5 Common characteristics of working conditions of rural subsistence agricultural workers 
(Jafry 1998b) 
1. Agricultural work is undertaken in open spaces where the climate conditions vary from extremes of temperature, 
humidity, altitude and solar radiation 
2. Agricultural workers require greater physical mobility than factory workers 
I Agricultural workers conduct multiple duties in multiple locations on a daily and seasonal basis 
4. Agricultural equipment which is required for specific crops is often missing 
5. Agricultural work is physically demanding 
6. The organisation of work and equipment used is often traditional in design 
7. Many agricultural tasks are conducted while the worker is walking 
Until recently ergonomics has rarely been explicitly considered in development 
projects aimed at improving the well-being of the rural poor. Jafry and O'Neill 
(1994) have illustrated this in proposing that rural development is influenced by four 
elements (Figure 2), with the interaction between three of these (economic, social and 
human) being well documented (i. e. socio-economics). The interactions between the 
other elements however have often been overlooked with human-technical issues not 
being addressed in most development-aid projects (Jafry and O'Neill, 1997a). Indeed 
the failiure to consider the human-technology interaction is witnessed in the many 
failed technologies that have not been adopted by their intended recipients (Sutton, 
1989). An example of this is cited by Jafry and O'Neill, (1997b) who described a 
development project aimed at increasing crop production but had failed to address the 
issue of farm power and suitable tools. The only tools the farmers had for harvesting 
were snails shells, unsuitable for reaping the higher yielding crop. Another case study 
was presented by Manuaba (1979) who described how a new variety of rice grew with 
a shorter stem, requiring farmers to stoop 'to an inordinate degree' during harvesting. 
Post harvest processing was also affected with additional work being created in a 
dust-polluted enviromnent. 
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Economic Social 
Technological .... Human 
Well documented 
----------- Increasing awareness 
Not well documented 
Figure 2 Interacting elements in rural development (Jafry and O'Neill, 1994) 
2.8.1 Case Studies 
Case studies of recent ergonomics studies in the agricultural sector in IDCs 
(predominantly from Applied Ergonomics and Ergonomics over the past ten years) 
were reviewed and are presented in Table 6. The majority of the studies concerned 
with agriculture in IDCs have been concerned with measuring the energy expenditure 
of given tasks (denoted EE in the study type column) and evaluating tools and 
equipment tasks (denoted TD). Several studies have been concerned with evaluating 
working practices (denoted WS). Whilst there have been numerous studies presenting 
anthropornetric data from various populations in IDCs, only one case study discusses 
the anthropornetrics measurements and their uses in agriculture (Gite and Yadav, 
1989). From the review of the literature it was seen that there is much physiological 
data for many agricultural activities using various tools, with most studies using male 
subjects. There are however few case studies of ergonomics projects that have 
resulted in a sustainable improvement to the livelihood of the rural poor. 
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2. Literature Review 
Reviewing the literature on ergonomics in subsistence agriculture, few papers have 
demonstrated clearly the value of ergonomics in subsistence agriculture. Indeed Rogan 
(1992) considered the literature on subsistence agriculture to be sparse 
_given 
the 
number of people who could potentially benefit from the application of ergonomics in 
the field. The results of ergonomics studies conducted in small scale industries in IDCs, 
using such tools as the ILO Checkpoints book (Scott, 1998) and WISE methodology 
(Kogi, 1987) have been shown to be beneficial (e. g. Muchiri, 1992, Murchiri and 
Tornberg, 1995 and Di Martino, 1995) resulting in improvements to poor working 
environments. Ergonomics studies in rural agriculture in II)Cs however have been 
predominantly research based with few examples of their sustainable results. Improved 
working practices have been proposed and better 'ergonomic' tools have been designed 
and evaluated yet rarely have they been adopted by rural farmers or disseminated to 
development agencies working in the field with the rural poor. 
2.8.1.1 Physiological studies 
Nag et al., (1980), Nag and Dutt (1980) Nag and Chaterj ee (198 1) have investigated a 
number of agricultural and domestic tasks undertaken by both male and female Indian 
subsistence farmers. These studies were concerned with physiological reactions to the 
various tasks and were purely research based exercises. Implications for the work were 
suggested (Nag and Chaterjee, 1981). These however lacked practical validity. For 
example, it was suggested that practical applications may be to judge the suitability of 
tasks for the individual worker, to match the worker to the job, and to develop 
guidelines for tasks involved in agricultural work over the total work shift. Yet farmers 
engaged in subsistence agriculture are generally poor, do not work "shifts" and do not 
have the luxury of being able to choose when and what tasks they do. These 
conclusions are common with most of the ergonomics case studies in subsistence 
agriculture, reflecting a top-down 'ivory tower' approach rather than a demand led, 
bottom up approach. 
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2.8.1.2 Tool and Equipment 
Throughout history, hand tools' have remained basically the same. It has been 
suggested that this arises from the perception that many years of experience will ha've 
developed the optimum design in hand tools (Cederqvist and Lindberg, 1993). Yet 
hand tools are involved in many accidents, with the upper extremities being injured 
more often than any other part of the body (Aghazadeh and Mital, 1987). The majority 
of subsistence farmers in developing countries are women (Dankelman and Davidson, 
1988) whose average maximal grip is 65% that of men (Asmussen and Heeb6ll-Nielsen, 
1961). It is thus apparent that there must be scope for ergonomics improvements to 
many hand tools particularly those used by women. 
Many of the papers reviewed on tools and equipment primarily evaluated them 
according to measured physiological responses. Few studies have been concerned with 
the design of the tool and the interaction between the tool, task and human user. In 
addition, many have been laboratory or research-station based and can be considered to 
lack ecological validity. For example, Ghugare et al., (1991) evaluated a lever operated 
knapsack sprayer, yet the primary focus of the study was to assess whether the workload 
of spraying falls within 'acceptable limits according to physiological criteria55. 
Physiological responses were measured under controlled conditions in a laboratory, a 
procedure that lacked ecological validity. Body-part discomfort was assessed using 
body maps however postural discomfort was not recorded before the experiments 
commenced. The study concluded that the workload was acceptable but there is a need 
to improve the mounting of the sprayer to reduce postural discomfort. Similarly, Gite 
and Yadav (1989) considered the optimum handle height for animal drawn mould board 
ploughs, yet primarily focused upon physiological responses. As with many of the 
papers evaluating agricultural tools or equipment they did not investigate user 
satisfaction or refer to problems with equipment as perceived by regular users. 
Furthermore, the ecological validity of conducting user trials, measuring oxygen 
consumption and heart rate performing carefully regulated tasks (i. e. fixed stroke rate 
in 
digging) often in the laboratory by non farmers is debatable. 
1 Handtools is a generic term that can be used to refer to many types of hand operated equipment, 
including hoes, ploughs, harrows and planters. 
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Several papers conclude with unrealistic recommendations such as those found in De 
and Sen's (1986) investigation into physiological costs and discomfort from ploughing 
using a desi-plough. They concluded that ploughing is a slow and uncomfortable 
process. Their recommendations included the introduction of hand power-tillers that 
could increase the productivity of the ploughing and whilst the existing plough is used, 
extra incentives for the additional working time should be received by workers. 
Similarly, a study on work strain of sugar-cane cutters in Thailand by Intaranont and 
Sritongchai (1993) concluded with a recommendation for the need for mechanisation to 
the process. Such recommendations however fail to consider the economic realities of 
subsistence agriculture. 
The one paper reviewed that did include an economic analysis concluded that the cost 
outweighed the benefits. Simms et al., (1998) evaluated various hoes used for weeding 
and soil preparation in Honduras. As well as an ergonomics analysis comparing the 
hoes in terms of their performance and physiological costs, - they also took a 
broader 
r systems' approach, considering different tillage trials to reduce drudgery and improve 
productivity (essentially reducing tillage and using quantities of herbicide). An 
economic analysis however indicated that whilst physiological demand could be 
significantly reduced and labour productivity significantly increased, the results were 
unlikely to be adopted by farmers where family labour is predominantly used at little or 
no cost. 
Cost therefore is an important consideration in the development of tools. The rural 
poor will be highly reluctant to experiment with technologies that do not appear likely 
to provide an increase in their income (Manuaba 1979). To invest in new tools or 
techniques is often perceived as a risk by rural farmers and consequently their cost will 
be crucial to the farmers willingness to adopt them (Poston, 1996). 
Almost none of the case studies evaluating tools and equipment involved the co- 
operation of the manufacturers, usually local artisans. Yet as Poston (1994) states: 
Ifagriculture is the basis of the rural and national economy and if agriculture is 
undertaken by people using labour intensive methods, the provision, repair and 
development ofappropriate equipment is essential. 
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In one paper in which rural artisans are referred to, (De and Sen, 1988), the one 
potentially realistic and sustainable recommendation the authors suggested from their 
evaluation of desi-ploughs in India were for the redesign of the existing plough 
according to ergonomics principles, yet this was disputed for its practicality by the 
authors. They considered that the local artisans who manufacture the ploughs could not 
use anthropornetric dimensions in their manufacture because of illiteracy'. To suggest 
that blacksmiths would be unable to grasp the fundamental concept of anthropometrics, 
if not the precise measurements is wrong and indicates a reluctance on the part of the 
authors to 'give away'. Indeed in many IDCs,. science academics appear to thrive on the 
perceived complexity of 'science' and may be reluctant to work with a 'hands on 1) 
approach in the field. This may often be seen as a preference to test equipment in the 
laboratory rather than with the farmers on the farm. Poston (1996) describes the 
outrage of senior academics at the presentation of a paper on the development of tool 
production byrural blacksmiths at a workshop on science and technology in sub- 
Saharan Africa. They were affronted by the recognition of 'such backwards systems of 
production". 
Jafry (1999a) considers the engineering background to much of the research is one 
reason for the failure in adoption of agricultural tools and equipment. Equipment that is 
designed in university agricultural engineering departments are often too sophisticated, 
expensive and not suitably designed for rural communities reflecting the research- 
orientated priorities rather than a client-orientated, participatory approach to their 
development. 
Little reference is made in the literature to the role of the farmer in the research study. 
Rogan (1992) suggests that traditionally researchers have not considered the farmers 
viewpoint resulting in resource poor farmers not benefiting from the findings of 
agricultural research. The need to place "farmer first" has been shown to be most 
effective in successfully introducing improvements to working situations by Chambers 
et al., (1989). Whether it is redesigning handtools or changing working practices, they 
De and Sen's (1988) assertions are contrary to the findings of O'Neill (1997) who, with the participation 
of farmers, blacksmiths, university technicians and engineers, developed simple, low cost improvements to 
ploughs in Bangladesh that reduced the specific draught and specific energy in trials, were welcomed 
by 
the farmers, and proved more sustainable than the existing ploughs. 
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highlight the need to empower the local community; an appropriate role for the 
ergonomist would then be to facilitate solutions as a convenor, catalyst and adviser. 
This participatory approach is further discussed in Chapter 10. 
Table 7 'Transfer-of-technology' and 'people-first' compared, adapted from Chambers et al., (1989) 
. ..... yqgy 
'People first' 
Main objective: Transfer technology local community Analysis ofneeds and Outsiders Local community assisted by 
priorities by: outsiders 
Primary R&D location: Laboratory Workplace, fields 
Transferred by: Precepts Principles 
Messages Methods 
Package of practices Basket of choices 
The 'menu: '__,,,. Fixed A la carte 
2.8.1.3 Participatory ergonomics in rural agriculture 
Those ergonomics case studies that can be considered to have been successful have 
generally involved the co-operation and participation of the people to whom the 
intervention was intended to benefit. Indeed without their involvement there is much 
evidence to suggest that the impact of any research and development will be minimal 
(Bunch, 1982, Chambers et al., 1989, Haverkort et al., 199 1). However, there has been 
almost no recorded evidence of the participatory approach being used in ergonomics 
projects to improve subsistence agriculture (Rogan, 1992, O'Neill, 1997). Until 
recently there was no evidence to suggest that ergonomics research projects in 
subsistence agriculture were either initiated in response to a perceived need by the 
farmer nor considered the role that the farmer might have in the research. This failure 
in ergonomics research however is now beginning to be addressed with studies using 
participatory methods and involving the farmers throughout. 
Two case studies illustrate the success of this participatory ergonomics approach. The 
first involved rural artisans in India (Jafry et al., 1999). Work related health problems 
were identified to affect potters using pottery wheels. Using focus groups exposure 
visits (the potters seeing other wheels and working practices in different villages) and 
participatory technology development (PTD) (refer to chapter 10) improvements to the 
wheel were made according to their financial circumstances. The immediate results 
were less aches, pains and injuries With working efficiency and productivity improved. 
The improvements proved sustainable with long term benefits of better health and a 
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freeing of time for the artisans to engage in other activities. Furthermore, the poners 
enthusiasm of ergonomics resulted in them coming up with further suggestions to 
improvements in their work. 
The second case study describes the improvements to traditional charcoal production 
methods in St. Lucia (Jafry, 1999b) An improved technology (metal kIln) had been 
introduced. It failed, with one of main reasons being because the charcoal producers 
had a lack of confidence in the new technology. Through participatory techniques 
including focus groups, direct observations and PTD problems with the existing 
working practices for producing charcoal were identified. An improved technology was 
developed from an existing design using local materials and built by a local carpenter. 
Training in better lifting techniques was given and locally sourced dust masks were 
introduced. At the end of the eighteen month project, workshops were held, with 
farmers being positive about the new skills and techniques they had learnt. 
Furthermore, they were enthusiastic about the results of the participatory ergonomics 
approach that had resulted in long term benefits of improved health, better quality 
charcoal and improved working methods. 
Several criteria have been identified by Bunch (1982) in contributing to the success (or 
failiure) of development projects. For example the project should be focussed towards 
the characteristics of the target group, address their needs and bring recognisable 
success quickly. From the literature reviewed, the limitations with much of the 
ergonomics work that has been conducted in subsistence agriculture can be considered 
using these criteria and are accordingly summarised in Table 8. 
In summary, the evidence suggests that for ergonomics to be successful in development 
programmes, a bottom-up, participatory approach is crucial. Farmers, and in particular 
women are willing to learn about new technologies and working practices that could 
help them; once they realise the benefits of using improved technologies, the uptake can 
be rapid (Jafry 1999a). Demonstrations and training of the new technologies however 
is considered essential for this to occur (Jafry 1999a). 
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Table 8 Table summarising shortcomings of literature on ergonomics in UDCs agriculture and how 
they may be addressed 
7-ý Criteria Literature shortcomings Recommendations 
Meets a felt need Few papers make reference to the Involvement of client group in 
needs and priorities of the farmers identifvinp- research oriorities Financially 
advantageous 
Brings recognisable 
success quickly 
Few papers have considered the ability Credit or savings schemes to enable 
of the farmers to afford the 
recommendations or improved 
technologies. In particular, 
recommendations for mechanised 
technologies are unrealistic for poor 
farmers. 
Results of research not disseminated 
to farmers. 
The research emphasis has been on 
farmers who could afford improved 
tools 
Many improved tools are designed 
and tested in agricultural research 
departments with little or no 
consideration to local materials or 
fabrication equipment used by 
artisans who supply equipment to 
farmers 
Many of the recommendations, 
improved tools and techniques are 
risks farmers would not take 
purchase 
Benefits the poor 
Uses resources the 
poor people already 
have 
Relatively free of 
risks 
Culturally acceptable 
Gender sensitive 
Arouses enthusiasm 
among the farmers 
Rural people adopt improved 
technologies if benefits can be 
demonstrated. 
Poor farmers can most benefit from 
improved tools and techniques 
Improved tools should be developed 
with local artisans to ensure they have 
the equipment and skills to fabricated 
them 
Poor people are risk minimisers so 
changes must be very small 
Almost none of the literature reviewed Research could benefit from reference 
made references to the important 
cultural aspects or traditions of 
farming. This possibly reflects the 
scientific background of authors 
The majority of the papers describing 
improved tools used male subjects 
despite females constituting the 
majority of subsistence farmers 
Few papers have involved the 
intended recipients 
to social sciences 
Conduct research and design 
technologies according to 
requirements of all users 
Successful projects have involved the 
farmers throughout with them being 
enthusiastic about ergonomics and the 
benefits its brings 
Rather than starting from scratch, 
often rural technologies from other 
parts of the world can be adapted. 
Uses existing Where new tools or equipment have 
examples been discussed they have generally 
been developed at the authors' 
organisation 
I Adapted from Bunch, 1982 
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2.9 Organisations 
Table 9-Table II present a number of international organisations whose work may be 
seen to be relevant to the ergonomist, whether through funding ergonomic studies, 
promoting health and safety, raising standards of living and working, or promoting 
economic development through industry and sustainable rural growth. The 
organisations may be broken up into multilateral aid agencies, including the United 
Nations (UN), it's agencies and the World Bank; unilateral aid donors, national 
governmental bodies, such as the Department for International Development (DFID) in 
Britain, the Agency for Development (USAID) in the USA; and non governmental 
organisations (NGO) which include charities and religious groups. 
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The DFID is the first, and at present the only unilateral aid donor to introduce 
ergonomics to its projects as a matter of policy. The goal of the DIFD as presented in 
The White Paper on International Development (DFID 1997) is the elimination of 
poverty. The DFID aims to improve the lives of the rural poor and strengthen the 
sustainability of their livelihoods. The White Paper states that Sustainable development 
requires the management and maintenance of different sorts of 'capital' which support 
human well-being. These are: 
Q Created capital: including physical infrastructure, buildings machinery and equipment 
U Natural capital: the enviromnent and natural resources 
U Human capital: human skills and capacity 
J Social capital: strong social relationships and institutions 
An ergonomics policy can help bridge the relationship between these C'capitals", 
especially human and created capitals (Jafry and O'Neill, 1998). 
As with the DFID, International aid is increasingly being channelled towards poverty 
reduction/ elimination with the concept of sustainable rural livelihoods being forefront 
on the agenda of most development agencies. 'Livelihood' has been defined as ". a 
means of living, not just production"" and sustainability (of livelihoods) as "the ability to 
maintain and improve livelihoods while maintaining or enhancing the global assets and 
capabilities on which livelihoods depend' (Neefijes, 1996). This involves finding local 
solutions to local problems and involving local people (DFID, 1996). 
The World Bank's rasion d'etre is to help the poorest people and poorest countries 
through the provision of development assistance (World Bank, 1999a). This includes 
investing in human capital through improved health and education and encouraging 
private sector development. In agriculture their activities are undertaken essentially 
con-farm', adopting an integrated approach with complex multi-sectoral, and multi- 
disciplinary interactions (World Bank, 1999b). Whilst they have emphasised that 
fighting poverty needs "the promotion of the productive use of a resource the poor have 
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in abundance, namely their labour" (Thiel, 1996), they do not have a policy that could 
address the optimisation of this resource; a policy on ergonomics. 
Ergonomics cannot be considered to be well established on the International 
Development agenda. Jafry and O'Neill (1998) suggested four reasons for ergonomics 
not being given more recognition in International organisations. These were: 
U Lack of awareness of the benefits that ergonomics can bring. 
U There are not enough people trained as ergonomists so ergonomics problems may not 
be described as such. 
U There are not enough data on the incidence of occupational health problems in 
developing countries 
Q There is a need for ergonomics to bridge the human-technology gap but it must be 
considered as part of an overall strategy within an organisation. 
Furthermore, whilst IEA lobby various international organisations such as FLO', WHO 
and UNDP, they do not have a policy consistent with the current goal of development 
aid, that of a focus on poverty. The IEA promotes ergonomics activities in 1DCs with 
an Industrially Developing Countries Committee dedicated to this objective (Table 12). 
In addition, the 1EA provides funds for promoting ergonomics in II)Cs where research 
in these areas often is hindered by lack of finance. Countries with ergonomics societies 
federated to the International Ergonomics Association (IEA) include those in SE Asia, 
India, and South America, although there are non in sub-Saharan Africa (Konz, 1998). 
1 Collaboration between the FLO and IEA include the development of 'Ergonomics Checkpoints' (ILO 
1996) which, whilst not being explicitly designed for use in IDCs has proved popular 
in them (Scott, 
1998). An ergonomics checkpoints for agriculture that will include subsistence farming is presently under 
development. Other ergonomics initiatives within ELO include PIACT and WISE however these are 
primariliy focussed at small and medium scale enterprises with the 
ILO being mainly concerned with the 
industrial sector (Jafry, 1995). 
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Table 12 Objectives of IEA ]IDC committee (IEA 1999) 
1. Promote, co-ordinate and implement ergonomic activities in IDCs bv supporting local and regional initiatives 
concerning research, development, training, meetings and conferences 
2. Establish an international network to inform about activities in IDCs 
3. Implement an ergonomics development program in IDCs 
4. Collaborate With other IEA committees with interests in IDCs 
2.10 Conclusions 
ýJ The scope and aims of ergonomics will essentially not differ between ICs and BDCs. 
ý-. I For ergonomics to be successful in IDCs, the approach should be adapted to the 
situational context. A wide range of human attributes must be considered including 
those relating both to the individual such as anthropometrics and education; and those 
relating to the society such as culture, religion, and climate. 
U In addressing human factors problems, the emphasis should be on small scale, low 
cost solutions within a participatory framework. 
U Much of the literature on the practice of ergonomics in IDCs has been specific to 
technology transfer. In many IDCs, agriculture is a major contributor to their GDP,, 
yet there has been little research into the benefits likely to accrue from introducing 
ergonomics into the rural agricultural sectors. 
U Ergonomics is increasingly being incorporated into international development 
programmes aimed at subsistence agriculture, with the lead being taken 
by the UK 
Department for International Development. 
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a Ergono imcs Concerns in 
000 Tropical Agriculture with 
m Particular Reference to 
mm Subsistence Far ing in 
Ghana 
3. Ghana 
3. Introduction to field work in Ghana 
In order to tackle hunger and reduce poverty, organisations involved in international 
development have focused on the agricultural sector and promoted sustainable' 
agriculture (e. g. The White Paper on International Development, DFID, 1997). Half of 
the world's labour force is employed in agriculture with almost 60% concentrated in 
developing countries (Forastieri 1998). Hence it is seen as having significant potential 
for contributing to broad-based and accelerated national economic growth (USAID 
1998). Agriculture however is generally considered one of the most hazardous 
occupations world-wide (Forastieri 1998) with drudgery, discomfort and risk of injury 
or ill-health from agricultural activities common place. Indeed the risk of fatalities 
from working in agriculture is at least twice that of other sectors (ELO, 1997). Given 
this scenario it may be suggested that ergonomics has a particular and important role to 
play in agricultural programmes in international development. This part of the thesis 
aims to investigate ergonomics issues that have been ignored in international 
development, such as poor occupational health and inappropriate technology transfer. 
In order to achieve this aims, two surveys were completed, 
A survey of fanners to identify accidents, injuries and ill health that may be related 
to their occupational tasks and activities. 
2. A survey of current agroprocessing activities, both traditional and non-traditional, the 
latter often having significant amounts of technology transfer from the intervention 
of aid organisations. 
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3.1 Ghana 
In 1994 Ghana was ranked 134hout of 173 less developed countries in the UNDP's 
Human development Index. In 1997 per capita GNP was around $360 (Table 13) but 
distribution is uneven and poverty is widespread in rural areas (NRIa, 1995). As with 
most industrially developing countries the economy is predominantly agricultural, 
accounting for 47.8% of GDP. Agriculture employs about 61% of the total labour force 
(Table 14) and contributes 70% of total export earnings (GSS, 1994). Of the 
agricultural GDP, roots, tubers and plantains represent 60%, cocoa 13%, livestock and 
fisheries 9%. cereals 7% and forestry and miscellaneous products 11% (GSS, 1995). 
Timber, cocoa, coffee and coconut are the main export crops. 
Table 13 Ghana statistics, (World Bank, 1998) 
GDP (1997 preliminary estimates, $US) 6.7 billion 
GNP ($US) 360 
GDP growth (1997 preliminary estimates, $US) 3.0% 
Population (1997, est. ) 17.5 million 
Population growth rate 2.7% 
Inflation (1996) 20% 
Life expectancy at birth 59 years 
schM1 eEo!! Een! 
___'____261%/o _, _ 
Table 14 Proportion of active population aged 15+ engaged in agriculture, (GSS 1995) 
Engaged in agriculture Average Basic hourly earnings 
Males 64.3% 119 
Females 58.3% 71 
61'. 3% 95 
Ghana has many of the features and problems commonly found in other IDCs, 
particularly those in sub-Saharan Africa and accordingly it may be possible to transfer 
many of the findings of this thesis for implementation in other similar EDCs. 
3.2 Selection of Area of study 
Ghana was chosen as the country of focus because of its favoured status with the DFID 
and the number of agricultural development projects being sponsored 
by them. These 
included a number of research projects managed by the NRI 
for the DFID. This work 
'A sustainable improvement is one that has been carefully 
implemented and will continue to support the 
changing needs of the recipient group 
beyond the life time of the project (ODA, 1996) 
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was undertaken under the auspices of the Crop Post Harvest Programme which was part 
of the DFID Renewable Natural Resources Sector Strategy to which the author xvas 
seconded. 
The field work was primarily undertaken in the Brong Ahafo (BA) region of Ghana, 
with a particular focus on Wenchi district. This area was chosen for several reasons, 
firstly due to the variety of produce, and processing activities undertaken in the region. 
Secondly, it was the focus area of the NRI project with which this research was 
undertaken, Finally, a DFID project running at the Wenchi Farm Institute provided 
resources, accommodation, transport, interpreters and research assistants allowing for a 
convenient base from which to work. 
3.2.1 Wenchi 
Wenchi is in the transitional zone of the southern area of the Brong Ahafo region. It 
comprises of moist semi-deciduous forest in the south, passing through dry forest to 
savannah grassland in the north. The area has one of the lowest population densities in 
Ghana but is increasingly becoming the 'bread basket' of the country being the major 
food growing and producing zone in the whole of Ghana (Amanor, 1993). In 1994 the 
region had a population of 163,599 (Department of Planning, 1995). 
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4. 
Occupational disorders in 
Ghanaian subsistence farmers 
4.1 Aims 
The aim of the study presented in this chapter was to establish the causes and incidence 
of occupational disorders in Ghanaian subsistence farmers. 
4.2 Introduction 
Dependence upon agriculture and natural resources is characteristic of the majority of 
the rural poor in IDCs. Agriculture is predominantly undertaken in small scale 
subsistence farming where manual labour contributes an estimated 90% of the energy 
used for crop production (FAO, 1987). The full potential of this energy is often not 
realised, with the workers physical capacity being reduced because of ill health from 
occupational disorders; diseases or injuries attributable to work practices, work 
demands or the work environment, (Rainbird and O'Neill, 1993). Furthermore, 
occupational hazards to health may aggravate general diseases affecting working 
populations such as accidents, communicable diseases, parasitic diseases and 
malnutrition, ("0 1985). 
In a study by Lipton (1983) in rural India, hazards such as snake and scorpion attack, 
dehydration and back injury accounted for much of the time spent out of work due to 
illness for rural casual labour (5% for men, 6% for women, plus I% in chronic 
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disability). Rainbird and O'Neill (1993) in their review of occupational disorders 
affecting agricultural workers in tropical developing countries grouped agricultural 
occupational disorders into three broad categories: health problems associated with 
pesticides, musculoskeletal disorders, and occupational diseases such as zoonoses and 
farmer's lung. 
4.2.1 Pesticide misuse 
From a review of relevant literature on occupational hazards in tropical agriculture, that 
on pesticide use and misuse was found to be most predominant. The term pesticides 
embraces a variety of agrochernicals, including insecticides, acaricides, fungicides, 
nernaticides, soil fumigants, herbicides and rodenticides. They may be broadly defined 
as substances or mixtures of substances intended for (FAO, 1986): 
1. Preventing, destroying, or controlling pests, diseases, unwanted species of plants 
2. Preventing, destroying, or controlling animals that cause harm during or otherwise 
interfere with production, processing, storage, transport or marketing of agricultural 
commodities. 
The use of pesticides has helped raise agricultural productivity. Agrochemicals 
however constitute a major risk to agricultural workers' health. IILO figures estimate 
pesticide poisonings in some countries account for as much as 14% of all occupational 
injures in the agricultural sector and 10% of all fatal injuries (ELO 1997). Whilst 
developing countries consume 20% of the worlds production of agrochemicals, they 
account for approximately 70% of the total number of acute pesticide poisonings 
(Forastieri, 1998). Pesticides present a major hazard to health, with their use rapidly 
increasing, particularly among poorly trained workers (ELO 1998). 
A major problem with pesticides and their use is the farmers' perception of them. Yvon 
(1997), in a survey of Ghanaian vegetable farmers views of pesticides, found that whilst 
they were aware of the potential hazards there were several areas of confusion. 
--farmers are largely aware of potential hazards to the consumer of 
pesticide residues on the tomatofruits, although there do appear to be some 
areas of confusion. One farmer pointed out the illustration on the front of a 
box of DLthane MM-44-55 showing a ripe harvested tomato glisteni . ng with 
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droplets- presumably intended by the manufacturers to give a succulent "dewy " effect. However thefarmer interpreted the droplets as representing 
spray residue and an indication that this chemical could be sqfeýv sprcýyed 
even on the day of harvest. "' 
Misinterpretation of information on packaging is common. In a study in Nepal With 
subsistence farmers, Fusell and Haarland (1976) found that only 4 out of 414 farmers 
surveyed knew that the skull and crossbones symbol indicates danger. Schwab et aL, 
(1995) cites studies that suggest that crossing out to suggest negation is not understood 
by unpractised picture readers. They also noted that circling for emphasis is rarely 
understood by those unfamiliar with the practice, the circle often being interpreted as a 
circle shaped object or a window. From studies in Papua New Guinea, Cook and Brook 
(1981) concluded that stick figures and silhouettes (as used for pictograms) were the 
least understood. (Refer to Appendix 42 for further discussion on interpretation of 
symbols in Ghana). 
Yvon (1997) found that many farmers made little effort to protect their skin from 
chemicals, and several were seen to mix their pesticide solution using their bare hands. 
This is confirmed by anecdotal evidence of pesticide dissemination in the region 
(Figure 4). Consequently, farmers complained of minor instances of itching and 
burning sensations and respiratory difficulties after spraying. 
Due to the ineffectiveness of the pesticide Atellic against the large gram borer beetle which causes extensive post 
harvest losses to stored maize, the Ministry of Food and Agriculture (MoFA) have been promoting a new pesticide 
Sumicumbi. A series of Farmers days were organised by MoFA and Sasakawa Global 2000 (Japanese/ American 
NGO) to familiarise farmers with the new pesticide and train them on safe handling and working practices when using 
it. These sessions generally attracted large crowds. 
During the demonstration held at Nwosae in the Brong Ahafo region, a farmer was picked from the audience and 
instructed to wear protective clothing (i. e. plastic bag gloves and handkerchief face mask). Prior to spraying the maize, 
the MoFA representative explained the need to wear protective clothing and expounded on the dangers of pesticide use. 
He then picked up the hand hold sprayer and demonstrated how to spray the maize. He was not wearing any protective 
clothing. The man from the audience then began to use the sprayer however a MoFA Extension Officer indicated he 
was doing it incorrectly. The Extension Officer took the sprayer and demonstrated how it should be done. Like the 
first MoFA representative he was not wearing any PPE. It was apparent that the farmer was made to look a fool, 
dressed up in plastic bags while extension officers were seemingly immune to the dangers of the pesticide, undermining 
the dissemination of safe pesticide working practices, 
Figure 4 Anecdotal evidence of failure to adequately disseminate safe pesticide working practices 
observed during study 
4.2.2 Musculoskeletal Disorders 
In the US, back injuries are considered a significant problem by agricultural workers 
and insurance companies in terms of incidence and cost, with 25% of all injury related 
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claims in agriculture being due to overexertion (Myers et aL, 1997). Putz-Anderson 
(1988) identifies four factors that account for work-related musculoskeletal disorders, 
the combination of which produce discomfort, pain and limitation of movement. 
Force + Repetition + Posture + Insufficient recovery = musculoskeletal disorders 
Agricultural tasks are often characterised by these four factors, particularly those tasks 
that are seasonal. Indeed Sekempi (1992) reports of an increase in complaints of 
backache in Uganda during the season of peak agricultural activity, where tasks require 
completion within a limited time span; high energy inputs with repetitive movements; 
and tools that necessitate uncomfortable postures. A number of other factors have also 
been identified that suggest that the burden of musculoskeletal disorders in developing 
countries is likely to equal or exceed those in Industrialised countries (Table 15). 
Table 15 Suggested reasons for assuming burden of musculoskeletal disorders in developing 
countries is likely to equal or exceed those in Industrialised countries, (Sims, 1997) 
1. Hours worked may be longer due to income needs or lack of workplace regulations 
2. Work maybe in higher-risk jobs due to lack of health and safety standards 
3. Many occupation-related diseases have long latency periods so treatment may not be sought 
4. Workers may be reluctant to take time off work or other duties to seek health care 
5. Stopping work before incapacity is detectable may not be a financial option due to lack of social assistance 
mechanisms 
6. The large informal sector, irregular employment patterns and lack of official registers prevent identification 
of people who change or stop work because of pain or injury. 
Myers et aL, (1997) reported data from U. S. agricultural workers in nurseries where 
work involved pro-longed stooping, frequent lifting, hand intensive tasks, and carrying 
and repetitive tasks. From1290 employees between 1993-4 there was an incidence of 
85 musculoskeletal disorders involving 1246 lost work days. Of these disorders, 31% 
were back related, 22% hand and wrist and 24% other upper extremities. 
4.2.3 Accidents and inj'uries 
Unintentional injuries have been estimated to account for about 19% of all health 
problems in IDCs (Birley and Lock, 1997). Whilst Ralnblrd and O'Neill (1993) 
comprehensively reviewed occupational disorders, they specifically excluded 
occupational accidents that may be a significant cause of lost productivity in 
agriculture. WHO figures suggest that world-wide, about 180,000 workers are 
killed 
and 110 million are injured in occupational accidents each year 
(VMO 1985). In the 
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agricultural sector, International Labour Organisation figures excluding China estimated 
that in 1980 there were 33,000 fatalities and 8 million injuries (ELO 1985). In a survey 
of Californian farm workers, McCurdy et aL, (1996) concluded that farm work-related 
injuries were associated with significant morbidity in terms of hospital isation, lost work 
time and permanent disability. In the US, whilst agricultural workers comprise only 3% 
of the workforce, they account for nearly 8% of all work related accidents (ILO, 1997). 
Nogueira (1987) described a survey of agricultural accidents carried out in Brazil where 
9.22% of workers suffered accidents at work,, of which 45.98% were caused by 
handtools. In another Brazilian study carried out by the Brazilian Institute on 
Occupational Health, 39.45% of the total injuries in the rural sector were due to manual 
tools (ILO, 1998) In Ghana where most farming activities are carried out using hand 
tools, the incidence of injuries from handtools may be expected to be greater. 
A perception that occupational health is solely an industrial concern and that health and 
safety issues are less of a problem to the agricultural sector than the industrial sector 
seems to persist (Mohan 1987). Whilst some research has been conducted into 
occupational disorders in industrially developing countries, very little has focused upon 
agriculture. 
4.3 Methodology 
4.3.1 Assessing occupational disorders: Epidemiology 
In order to assess occupational disorders among subsistence farmers, the methodology 
chosen borrowed from epidemiological techniques. Epidemiology may be defined as 
the science concerned with the occurrence, distribution, and determinants of states of 
health and disease in human groups and population (Abramson 1984). Descriptive 
epidemiology is that which describes the current status of health of the 'at risk' group 
(Harrington, 1995) and is employed in this study. Various primary sources for 
collecting epidemiological data to determine diseases amongst people 
have been 
identified by Andersson and Schilling, 1992 and Abramson, 1984. These include- 
a) Surveying the opinion of experts; 
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b) Official statistics; 
c) Individual records such as patients case notes and 
d) Questionnaire surveys. 
Each of these is discussed below. 
a) Expert opinion 
Abramson (1984) defines experts as persons who have special skills and knowledge 
relevant to some field of health care. By surveying the opinion of experts, a guide to the 
nature of the problem under investigation can be obtained. It is useful in determining 
attitudes, concerns, problems and the relative importance of various factors under 
consideration (Abramson 1984) and can be use as a guideline for further research 
(McNeill 1990). 
b) Official statistics 
Official statistics include those collected by government departments and hospitals 
offering large volumes of data on whole populations and population groupings. The 
reliability of official statistics from the national level must be treated with care as 
under-reporting due to deficiencies in collection techniques is common in developing 
countries (ELO, 1997). Except for the broadest diagnostic groupings, morbidity data 
may be extremely inaccurate (Harrington 1995) with morbidity rates usually given for a 
whole industry and not for its separate trades (Newhouse and Schilling, 1973). 
Similarly categories of occupation are often misleading, such as 'retired' or 
'housewife'. National statistics do however present a cost effective and easy way of 
obtaining health data. 
The use of official statistics may be considered particularly inappropriate for Wenchi 
district, (the chosen area of study), where over 20% of rural households have to travel at 
least 20 km to reach a medical officer whilst over 90% of the communities have a 
traditional healer (Dept. of Planning, 1995), resulting in many people depending upon 
traditional medicine because of travel distances and the expense of allopathic medicine. 
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c) Individual records 
Problems of reliability and validity may be identified with the use of individual 
medical records. As with official statistics, they may be unreliable in indicating 
incidence or occurrence of particularly minor diseases with hospitals often being seen 
as an expensive 'last resort'. Medical records are often collected for purposes unrelated 
to epidemiological study and their accuracy, completeness and relevance are often 
doubtful (Harrington, 1995). For example information is usually collected by a number 
of different people such as physicians and clerical workers who may have different 
definitions or methods of obtaining data (Abramson 1984). Data may be inconsistent in 
its format and incomprehensible due to illegibility. As with national statistics, medical 
records present a fairly easy way of obtaining data with the addition of being from a 
somewhat localised area. 
d) Su rveys 
The most reliable source of health data is that which can be obtained locally where 
people perceive their circumstances directly (Andersson and Schilling, 1992). In order 
to elicit such data, surveys provide feasible and relatively economical means of data 
collection in a short time (McNeill 1990). Phillips (197 1) states that "... the survey 
constitutes a method of data collection that utilises interview or questionnaire 
techniques for recording verbal behaviour of respondents". 
4.3.2 Method of data collection 
In order to assess the incidence of occupational disorders in farmers it was first 
necessary to identify the disorders that affect the chosen population. From this baseline 
data, a comprehensive questionnaire survey could be constructed. 
Additionally, information on occupational disorders and their causes was gathered from 
doctors, community health workers and traditional healers Further data was collected 
through the reviewing of farmers' medical records. Once the key occupational 
disorders had been identified, a survey of their incidence was undertaken. Thus the 
study comprised of four component parts: 
a) Participatory Rural Appraisal 
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b) Unstructured interviews with health professionals 
c) Review of medical records 
d) Farmers' survey 
a) Participatory Rural Appraisal (PRA) 
Semi-structured interviews (Appendix 9) during PRA surveys provided a foundation for 
the content of the later questionnaire survey. These were conducted with groups in 
numerous farming communities in the BA region. The details of these are presented in 
Chapter 5. As this was predominantly a female sample group, an opportunity sample of 
ten male farmers in Alfrefreso were also asked about occupational disorders. Given the 
flexible nature of the PRA methodology, it was possible during the interviews (to 
question participants on occupational disorders (essentially causes and impact of 
illnesses, accidents and injuries thought to be related to farming and agroprocessing). 
As these were group interviews, the responses were from a group consensus point of 
view rather than from an individual perspective and therefore rather than providing a 
detailed epidemiology of occupational disorders, they provided a basis for the questions 
asked in the farmers survey (d). 
b) Interviews with health professionals 
An informal but guided interview protocol was chosen for eliciting information from 
health professionals (Appendix 1). Such an interview was deemed most appropriate 
because it aims to gather overall information rather than specific data and would allow 
insights to be derived that could be applied to further research (Coolican, 1994). 
Eight healthcare professionals, representatives from all the medical institutions in 
Wenchi Town and environs, and traditional healers who agreed' were interviewed, 
(Table 16). The District Director for Health Services and the District Environmental 
Heath Officer were also interviewed. 
1 Several traditional healers approached did not want to be interviewed 
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Table 16 Details of health professionals interviewed 
Name Position Location 
oah Principal Medical Officer Methodist Hospital, Wenchi 
Dr. Ellis Owusu- Darbo General Practitioner Methodist Hospital, Wenchi 
Dr. Simon Sako General Practitioner Emil Memorial Hospital, Wenchi 
Mrs. Irene Tsigbey Health worker St. Joseph's Clinic, Koase 
James Boamah Medical Assistant Subinsou Health post 
Mr. Kyeremeh Medical Assistant Ampaabeng Clinic, Wenchi 
Jaato Ankomah Herbalist Abotareye 
Dowie Herbalist Wenchi 
c) Review of medical records 
D- 
Records for hospital admissions, mortality and morbidity in Wenchi and Techiman (the 
adjoining district) districts were obtained, and the records of Emil Hospital and the 
Methodist hospital were examined. 
d) Farmers' survey 
When undertaking research that involves the use of interviews and questionnaires it is 
preferable to use a research tool that has already been shown to be valid (i. e. it 
measures what is intended) and is reliable (i. e. it would produce the same infori-nation if 
subsequently administered). Whilst the literature on occupational disorders had been 
reviewed, no suitable questionnaires that could be replicated were found. In this study 
therefore a new structured questionnaire was developed. 
The farmers survey questionnaire was drawn up from responses gathered during senii- 
structured interviews with farmers on the types of occupational disorders they 
experienced in the field (4.4.1), and interviews with health professionals (4.4.3). 
Fourteen major disorders and an additional 'other' category were identified. For each 
disorder, three questions were asked; 
J 'How did it happenT 
1: 3 'Did it stop you from working and if so for how many daysT 
Q 'How did you treat it, and how much did you have to pay? ý 
A pilot study was carried out with a small sample in the Atebubu region of 
BA. Some 
questions were subsequently modified. For example, 
because the concept of a 'year' is 
rarely used by farmers,, a time span more 
familiar to them was employed, that of 
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cropping seasons, Thus,, incidence of occupational disorders was asked over the past 
two cropping seasons, (dry and major) which combined were taken to be one year. 
From this pilot, a robust questionnaire for this study was drawn up and is presented in 
Appendix 1. 
4.3.3 Selection of population 
The reasons for the selection of population area studied in this thesis have already been 
discussed. Within this population a representative sample was required. With limited 
time' and resourceS2 to undertake the survey, the opportunity to use a sample already 
being researched was taken. Five rural communities were being studied in a larger 
survey of social and farming behaviour by John Tuson of the School of Agricultural and 
Forestry Studies, University College, Bangor, Wales and Mr. Tuson agreed to 
incorporate this questionnaire into his survey. Details of the villages chosen are 
presented in Table 17. The questionnaire was administered to farmers who were heads 
of households. A total of 100 male farmers from168 households were interviewed 
(mean age of 51 years, SD= 11, n=403) . The logistics of this limited survey prevented 
women from being included. 
Table 17 Villages surveyed 
Wage No. of Households Heads of household interviewed 
Abotoreye 72 58 
Atabi No. 2 8 7 
Doosola Krom 9 6 
Awesadaa 14 8 
Apenkro 65 21 
Total 168 100 
As the survey population was predominantly illiterate, the questionnaire was 
administered in the format of an interview with three trained Akan researchers asking 
the questions in the local language. Responses were based upon the recall of 
respondents. 
1 The researcher was physically located away from the survey area and due to a lack of transport and the 
part time nature of the research was limited by time 
2 Primarily the availability of suitably qualified professionals who spoke the local languages 
3 Unfortunately the researchers failed to ask three questions to sixty of the respondents, i. e. that of their 
age, that relating to the category of 'other' and a question relating to 
incidence of back pain within 
specified times. 
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4.4 Results 
4.4.1 Participatory Rural Appraisal 
Discussions with farmers during the PRA interviews suggested that accidents, injuries 
and illnesses as a result of agricultural activities were common, with similar complaints 
from both male and female farmers. It must be noted that the evidence from these 
results was purely anecdotal, from group discussions With farmers. However, they were 
generally consistent and provided a foundation for the construction of the questionnaire 
survey that would obtain more robust results. 
Musculoskeletal disorders were considered a problem with many farmers complaining 
of lower back pain. Injuries from hand tools were also common, farmers claiming that 
lacerations from slashing the bush with cutlasses or weeding with hoes were a regular 
hazard. Other occupational disorders that farmers claimed to suffer from included 
thorn pricks, from weeds such as Acheampong (Chromolaena Odorata) and Speargrass 
(Imperata Cylindrica), gunshot wounds and fever from working in the sun. The latter 
was thought to be particularly prevalent during the peak farming season which 
corresponds with the hot season. Whilst many of the symptoms they complained of 
were consistent with those of heat stress, the doctors and health workers that were 
interviewed thought this was more likely to be malaria. It was suggested that when the 
body is weakened from intense physical activity in the heat , it is more susceptible to 
diseases such as malaria. 
Occupational disorders from post-harvest agro-processing activities, which are mostly 
carried out by women, were also found to be common. These usually involve much 
drudgery, with repetitive upper body motions (e. g., stirring, kneading, pounding) in 
unpleasant environments (e. g., smoke, dust). A more detailed account of occupational 
health in agro-processing is discussed in Chapter 5. 
4.4.2 Review of medical records and district statistics 
Causes of accidents were recorded at the Methodist hospital, Wenchi. Between 
January- June 1997,52 patients whose occupations were recorded as 'farmer" were 
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treated for injuries (including lower back pain) attributed to farming activities (Table 
18). From the attendance records of the 7436 patients who attended Emil Memonial 
Hospital, 139 whose occupations were recorded as 'farmer" suffered complaints that 
may be regarded as occupationally related (Table 19). The figures reveal that by far the 
most common reported occupational disorder was lower back pain. 
Table 18 Farming injuries reported at the Methodist Hospital, Wenchi. January-June 1997 
Disorder 
Thom prick 
Snake Bite 
Other wounds 
Gunshot 
Laceration 
No. of Cases 
11 
8 
2 
8 
Bums I 
Backache 21 
52' 
Table 19 Farming injuries reported at the Emil Memorial Hospital, Wenchi, January-December 1996, 
(n=7436) 
Disorder 
Leg/foot wound 
Lower back pain 
Upper Body Injury 
Hand Injury 
Snake Bite 
Other bite/sting 
Hernia 
Eye Trauma 
Other injury 
Gunshot Wound 
Bicycle accident 
Tractor accident 
Thom Prick 
Other wounds 
Number of cases 
15 
70 
6 
9 
6 
4 
6 
2 
11 
2 
5 
1 
1 
1 
Total 139 
The District Health Services do not collect records of occupational injuries and 
diseases, occupational health and safety being considered an industrial concern rather 
than something to be considered in agriculture. This data is thus of limited use in 
assessing occupational disorders. Recorded disorders that may be occupationally 
related were accidents and hernias. Causes of admission to hospitals and causes of 
morbidity in Wenchi and Techiman districts are presented in Table 20-Table 23. In 
Techiman district for 1994 accidents were the fifth most common cause of morbidity, 
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(4.9% of all cases of morbidity). In Wenchi district they were the sixth most common 
cause of morbidity, (3.6% and 3.8% for 1995 and 1996 respectively). Figures for 
septicaernia as a cause of mortality, which is a likely result of failure to attend to trauma 
from accidents, were not available for Wenchi district, however for the Techiman 
district, it was ranked tenth in 1994 (5.7%), and ninth in 1995 (6.9%). Unfortunately 
data on the causes of accidents and injuries were not available from the district records 
as this information is not recorded. 
Table 20 Top 10 causes of morbidity in Techiman district, (Department of Planning, 1996) 
Disease 1994 % Disease 1995 % -- 
ýa 30721 60 Malaria 9080 32.1 
Diarrhoea 4887 9.6 Diarrhoea 5664 20 
Skin diseases 2964 5.8 Pneumonia 2803 9.9 
Urinary tract infections 2732 5.3 Respiratory tract infections 2342 8.3 
Accidents/bums 2520 4.9 Skin diseases 2327 8.2 
Intestinal worms 2416 4.7 Urinary tract infections 1874 6.6 
Rheumatism 2229 4.4 Worm infections 1514 5.4 
Ante eye infection 998 2.0 Hernia 1256 4.4 
Pregnancy related 898 1.8 Anaemia 733 2.6 
complications 
Measles 801 1.6 Gastrointestinal tract 709 2.5 
Total 53160 100 Total 30297 100 
Table 21 Top 10 causes of morbidity in Wenchi District, (District Health Services, 1997) 
Disease 1995 Disease 1996(No) 
Malaria 49.1 Malaria 48.8 
Upper Respiratory infections 16.6 Upper Respiratory infections 6.7 
Skin diseases 5.0 Skin diseases 6.0 
Pregnancy related complications 4.9 Diarrhoea 4.5 
Diarrhoea 4.5 Pregnancy related complications 4.3 
Accidents (trauma/bums) 3.6 Accidents (trauma/bums) 3.8 
Intestinal worms 2.6 Intestinal worms 3.1 
Measles 1.6 Gynaecological disorders 1.5 
Acute eye infection 1.2 Acute eye infection 1.1 
Gynaecological disorders 1.1 Anaen-ýa 1.0 
Total 90.2 Total 80.8 
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Table 22 Top 10 hospital admissions in Wenchi district, (District Health SerNices, 1997) 
Disease 1995 Disease 
a 60.9 Malaria 
Pneumonia 6.1 Pneumonia 
Pregnancy related complications 5.4 Pregnancy related complications 
Anaemia 4.8 Hernia 
Gynaecological disorders 2.9 Enteric Fever 
Hernia 2.9 Hypertension 
Diarrhoea 2.6 Diarrhoea 
Hypertension 2.0 Pelvic Infection disorders 
Enteric Fever 0.0 Prostate 
TB 
1--1-.. ---, --- 11 ...... ..... 
1.3 ti e4 los 
Total 88.9 - ---- -- --- Total 
1996(%) 
40.3 
16.6 
5.8 
3.3 
2.5 
2.5 
2,4 
2.0 
1.8 
__l. 
8 
79 
Table 23 Top 10 causes of admission to hospitals in Techiman district, (Department of Planning, 
1996) 
Disease 1994 % Disease 1995 % 
Anaemia 476 21.4 Anaen-ýa 733 22.1 
Malaria 468 20.9 Malaria 725 21.8 
Hernia 307 13.8 Hernia 429 12.9 
Pneumonia 284 12.7 Pneumonia 461 13.9 
Diarrhoea 182 8.2 Trauma 231 6.9 
Trauma 149 6.7 Caesarean sect. 204 6.1 
Measles 115 5.2 Gastro-enteritis 197 5.9 
Malnutrition 91 4.1 Typhoid 131 3.9 
Typhoid 85 3.8 Meningitis 110 3.3 
Meningitis 72 3.2 Malnutrition 100 3.0 
Total 2229 100 Total 3321 100 
4.4.3 Interviews with health professionals 
All but one of the health professionals interviewed considered cutlass wounds to be the 
most common occupational disorder in agriculture. Snake bites were generally the next 
most common disorder followed by lower back pain. Other common problems 
included thom pricks from weeds such as Acheampong and Speargrass; hernias; 
gunshot wounds and fever from working in the sun. 
4.4.3.1 Cutlass Wounds 
Cutlass wounds were considered to be the most common agricultural hazard. It was 
suggested that cutlass wounds are sustained during slashing and weeding, 
(wounds to 
the lower legs) and planting (wounds to the hands). Dowie Donka, a herbalist, said he 
treated a number of people each season with injuries sustained whilst sharpening cutlass 
blades on stones. 
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4.4-3.2 Lower Back Pain 
All those interviewed said that complaints of lower back pain were common James 
Boamah, the medical assistant at the Subinsou clinic estimated that depending upon the 
season between 30-40% of all farmers who see him complain of lower back pain. Dr. 
Opong-Amoah considered lower back pain to be endemic amongst farmers. From the 
records at Emil hospital, 53% of occupational disorders amongst outpatients whose 
occupation was recorded as 'farmer' was from lower back pain. From the records at the 
Methodist hospital, 40% of all. occupational disorders were from lower back pain. 
These results confirm the findings from the PRA that lower back pain is a significant 
problem that affects farmers. 
4.4.3.3 Hernia 
From Table 22 it can be seen that in 1996 hernia was the fourth most common cause of 
hospitalisation in the Wenchi district. Both Dr. Opong-Amoah and Dr. Simon Sako 
claimed they perform hernia operations almost every week. They suggested that hernias 
in the farming community are caused by felling of trees, uplifting root crops, and lifting 
and carrying heavy loads. Suffering from a hernia is expensive, both in terms of 
medical fees and lost productivity, with an operation costing between 060,000-80,000 
and resulting in three months inability to carry out heavy manual labour. 
4.4.3.4 Pesticide Poisoning 
Both Dr. Opong-Amoah and Dowie Donka were aware of health problems from mixing 
the chemical Atellic with maize. Farmers had complained of sickness following this 
activity during the recent PRA. All the medical personnel interviewed said that the 
possibility of poisoning from pesticide use is rarely considered when a diagnosis is 
made, and consequently no records as to its incidence are kept. The herbalist was 
familiar with clients being 'intoxicated' following chemical use. Dr. Opong-Amoah 
was also aware of respiratory problems from inhalation of chemicals, particularly 
during spraying. A chance meeting with a chemical seller in Wenchi told of some 
farmers testing the potency of a pesticide by tasting it before buying it. 
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4.4.3.5 Gunshot Wounds 
Between January and June 1997,2 cases of gunshot wounds were treated at the 
Methodist hospital,, Wenchi. In 1996,, 2 cases were treated at the Emil Hospital. Dr. 
Simon Sako suggested that fatalities from shooting accidents whilst hunting 
occasionally occur, yet are rarely reported to avoid involvement of the police. 
4.4.3.6 Accidents and injuries from agro-processing 
Most of the agricultural hazards appear to be from general farming activities. When 
questioned about specific activities Jaato Ankomah, James Boamah and Dowie Donka 
said that gari processors occasionally visit them with body pains and fatigue, only 
Dowie Donka and Mr. Kyeremeh mentioned women complaining of eye problems from 
smoke. Other common injuries the health workers identified were from the harvesting 
of palm fruit and axe wounds during charcoal production 
Dr. Opong-Amoah claimed that he occasionally saw women with bums from caustic 
soda and hot oil. The majority of bums treated by all those Interviewed were to 
children from domestic activities. Serious bums sustained during the Harmattan season 
from bush burning were also mentioned. These can often be fatal. 
4.4.4 Farmers survey 
Table 24 provides a summary of the days lost and the costs of disorders, for various 
activities from information collected during survey. 
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Table 24 Mean costs and days lost from occupational disorders 
Activit 
Cutla& 
Back y 
Fever J 
Achea, 
Hoe in, 
§iiake 
Bum 
Spearý 
Chest 
Sicknc 
chemii 
Gunsh 
Other 
Causa 
' 
l actiVity Days Lost Cost ' (C) 
ies Incidence' Clear. ' P rep. Cult'v. ' Harvest. Other Mean SD Mean SD 
ionjury 79 23 9 47 21 - 9.9 8.09 13,086 8,3 35 
ain 76 30 30 32 4 3 19.2 2-5.20 7,745 4 574 
rom work 18' 15 9 - 6. 
_3 3.90 12,0'56 4,990 
npong injury 69 24 27 29 20 7.9 5.98 8,409 5,272 
lury 57 9 35 52 4 7.2 4.91 
Bite 53 18 39 19 21 2 29.1 26.16 28,433 36,844 
50 92 5 3 15.7 20.61 8,250 6,563 
, rass injury 48 7 38 27 28 5.9 6.05 13,500 13.2K 
3ains 42 28 .......... 48 18 6 13.1 11.61 10,864 6,481 
ss from 28 90 10 7.6 3.35 16,742 15,64. ' 
i bones 
1 -111 -- . ... ...... .. 
26 51 29 9 11 38.2 35.87 16,308 9,569 
ot wound 9 100 60.5 70.06 70,800 58,741 
D accident 7 100 22.7 23.32 17,000 18, W 
ýnfections 33 9 4 23 62 2 97 731 10,100 10,39z 
'Number of farmers reporting having suffered from each occupational hazard (n= 100) 
2Clearing includes slashing, burning, tree felling and removing stumps 
3Prcparation includes mound making, bed making and planting 
'Cultivation includes weeding, general tending to crops, and miXMg and spraying chemicals 
5Exchange rate at time of study was il =0 3440 
4.4.4.1 Musculoskeletal disorders 
Back pain was suffered by 76% of the farmers. This may be related to extended periods 
of hard work in awkward postures that are observed during many agricultural activities. 
Indeed all the activities that were attributed to causing back pain (Figure 5) are 
traditionally undertaken using short handled hoes and cutlasses that necessitate a 
stooping posture. Several farmers claimed they were unable to work for long periods 
because of chronic back pain. The mean number of days lost from back pain was 19 
days. 
Complaints of chest pain were made by 42% of the farmers in the last two cropping 
seasons. The most commonly cited cause of this was from making yam mounds; this 
activity involves the farmer bending over, using a short handled hoe to move soil 
between his legs creating a mound approximately 0.5m high. 
An opportunity sample of 40 farmers from the original 100 were also asked whether 
they were suffering from lower back pain now and whether they 
had suffered lower 
back pain in the last year. The point prevalence was 
48%, whilst 77% of farmers 
claimed they had suffered from lower 
back pain in the last year. 
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Weeding 31% 
Other 5% 
ng 4% 
Planting 11 
Mound making ' 
Stumping 28% 
Bed making 3% Clearing 2% 
Figure 5 Activities attributed to causing back pain (n=40) 
4.4.4.2 Hand tools 
The cutlass is a multi-purpose tool, being used in clearing the bush (slashing and 
cutting), planting (digging holes with the blade end), weeding (turning over the soil with 
the blade end) and harvesting (cutting and digging). The most common occupational 
disorder affecting farmers was cutlass injury. The weight of the cutlass and its handle 
design may be important factors in the incidence of accidents using cutlasses. Hoes are 
predominantly used during land preparation (i. e., making mounds) and during weeding. 
As well as being associated with musculoskeletal disorders, 42% of farmers claimed 
they had sustained an injury from hoeing. 
4.4.4.3 Burns and fever 
Farmers bum their land during the dry season to clear the soil for planting and to rid the 
land of weed seeds and pests. Fires are also lit by hunters to drive out animals. With 
intensified cultivation and longer dry seasons the fires can easily get out of hand. Thus, 
burns are common,. with 50% of farmers claiming to have been injured, predominantly 
during the dry season. Bums may not be the only health hazard from bush fires: almost 
74% of fevers during the dry season were attributed to burning. Whilst many of these 
fevers may be malarial (farmers do not distinguish between malaria and any other fever) 
it is suggested that they may be the symptoms of upper respiratory problems from 
smoke and dust inhalation, or heat stress and heat related illnesses. 
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4.4.5 Pesticide problems 
The results from this survey indicate that 28% of farmers had suffered from sickness 
following chemical use. This is an indication of acute pesticide poisoning rather than 
the effects of long-term exposure to pesticides that would require objective, or clinical, 
analysis such as inhibition of cholinesterase activity to reveal (Rainbird and O'Neill, 
1993). Several reasons for the incidence of pesticide poisonings are suggested in Table 
25. 
Table 25 Suggested reasons for incidence of pesticide poisonings 
1.1porance of the dan-Rers. Anecdotal evidence suggests that some farmers taste the chemical before buying it to 
check or evaluate its strength. 
2. Application. Where farmers do not have access to knapsack sprayers the 'Hosanna Method' is adopted. The 
farmer dips a palm branch into a bucket and flicks the pesticide over the crops. 
3. Lack of protective clothing. PPC is expensive, often unavailable and inappropriate to a tropical climate. In the 
villages surveyed the nearest town selling gloves and face masks was approximately 701un away. Farmers are 
encouraged by agricultural extension officers to improvise using plastic bags for gloves, and handkerchiefs for face 
masks but there is little evidence to support the effectiveness of such methods. 
4. Packaging. The pesticides are often repackaged in small plastic bags or bottles so they are more affordable to the 
farmer. Consequently there is no labelling or pictorial advice as to safe handling. This however will be of little 
value to the illiterate farmer or where pictograms designed in industrially developed countries are not recognisable 
to a different culture. 
4.4.5.1 Snake bites and injuries from plants 
Acheampong is a common weed that is claimed to have medicinal properties and is 
used in the preservation of corpses. When it is dried, however, the sharp ends are 
thought to be poisonous and present a significant hazard of injury and infection: injuries 
from Acheampong were reported by 69% of the farmers. Speargrass is also a hazard 
with the risk of lacerations and puncture wounds. Discussions with farmers suggested 
that these injuries occur mainly around the feet and ankles. Snake bites, which are 
universally feared, also occur around the lower legs. Many farmers wear wellington 
boots to protect themselves from these hazards, however they are expensive and 
inappropriate for the tropical environment. There is, therefore, an apparent need for 
comfortable, low cost leg protection. 
4.5 Discussion 
Whilst malaria is by far the most common cause of morbidity and admission to 
hospital 
in Wenchi district, it is by no means the only cause. In 1996, accidents (trauma and 
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bums) were the sixth most common cause of morbidity (Table 2 1). Whilst there is no 
indication as to the causes of these, the medical personnel and herbalists suggested that 
agricultural accidents may be the most frequent cause. From the records at Sako 
Memorial Hospital, morbidity amongst farmers that may be related to occupation (such 
as trauma,, lower back pain and snake bites) accounted for approximately II% of aII 
cases seen. 
The results of the survey have indicated that occupational disorders are a major problem 
in Ghanaian subsistence agriculture. Injuries from hand tools, musculoskeletal 
complaints (back pain) and fever that is attributed to work are the most common. The 
immediate to the cost to the farmers both in terms of lost work and the financial burden 
of treatment, be it traditional or allopathic can be considerable. When farmers only 
have a limited window of opportunity, dictated by climatic changes, in which to 
undertake certain activities,, an injury or illness that is sustained at these times can have 
serious consequences in the success of the crop and potentially the families overall 
well-being. 
Many of the occupational disorders identified in this study could benefit from 
improvements following a participatory ergonomics approach. For example whilst the 
cutlass and hoe are the traditional tools used by subsistence farmers it is apparent that 
they cause many injuries, and the posture required to use them may be a contributing 
factor in the high incidence of back pain. Nw-uba and Kaul (1986) investigated the 
biornechanical and physiological aspects of using short and long handled hoes. They 
found the short-handled hoe exerted considerable spinal muscle force and associated 
this with the "sharp pains low in the back when hoeing". It also had a 64% greater 
demand in terms of work rate and 5 1% greater energy expenditure per unit of volume 
soil moved when compared with the long-handled hoe. Yet, whilst such improvements 
as long-handled hoes may appear to be beneficial to farmers, there may be cultural or 
traditional reasons why an ergonomics intervention may be resisted. Freivalds (1987) 
suggested that a lack of impetus for changing tool design is a resigned view ansing from 
the belief that no further improvement is possible to a tool which has been used by 
many people for many years. Johnson and O'Neill (1979) noted that many attempts 
have been made to introduce improved tools, such as scythes into Africa, but have 
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mostly failed. They suggested that the main reason, in broad terms, was that a 
participatory approach had not been taken. By introducing a participatory, multi- 
disciplinary ergonomics approach to the causal factors of the occupational disorders 
identified in this paper, it is considered that accidents, injuries and 111-health can be 
reduced. This will result in raised work capacity, improved health and higher 
productivity (Elgstrand, 1985). 
4.5.1 Limitations of study 
A number of problems were encountered during this study. Primarily these were 
associated with the choice of the sample. Focusing on heads of household resulted in 
an age group skewed towards older respondents. It may be expected that 111-health will 
be more prevalent amongst older workers, and accidents more likely with physical 
impairment from the ageing process affecting work performance. A more 
representative sample would have been desirable, a comparison between older and 
younger workers may have then been possible. It must however be noted that the 
reliability of subjective responses of ages should be used with care with many farmers 
being unaware of their true age. During the work in Ghana, numerous farmers stated 
their age only to be rebuked by their colleagues, usually providing a lower figure. 
Whilst women are also farmers the logistics of the survey prevented them being 
included. Similar numbers of women are involved in agriculture as men (Table 14). 
Indeed the burden of agricultural work may be greater on women than men,, with their 
undertaking activities such as agro-processing, water and firewood collection along 
with tending to the farm. 
During data collection, referring to hospital medical records proved difficult given the 
often illegible handwriting. Missing records were common and the level and depth of 
information pertaining to the history of the medical complaint was often poor. Given 
that the author did not speak the local language and wished to avoid a possible 'Halo 
effect' biasing the answers it was necessary to employ local staff to conduct the 
farmers' survey. Whilst they were trained in the research methodology, it was not 
possible to provide adequate supervision over the staff, and this proved a major 
shortcoming with sixty percent of the questionnaires being returned incomplete. 
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4.6 Conclusions 
Occupational disorders are a major problem in Ghanaian subsistence agriculture. 
U The use of handtools was heavily implicated as a causal factor in many of the 
activities associated with the onset of ill-health. 
U Injuries from cutlass accidents and back pain were found to be prevalent (79% and 
76% respectively), with back pain being the more debilitating accounting for, on 
average, 19 days lost from work over a year. 
UA greater number of working days were lost from gunshot wounds (60), broken bones 
(38) and snakebites (29), but these were less prevalent. 
U Footwear is a problem on the farms. Injuries below the knees are very common with 
farmers, with snake bites, scorpion stings, poisonous thoms, and grass cuts being the 
main causes. Farmers often wear wellington boots, however these are quite 
unsuitable for tropical work. The need for the development of cheap, breathable, 
snake resistant material that could be used as gaiters to protect the legs of the farmers 
should be investigated. 
J Pesticides misuse is common amongst farmers who have little comprehension of the 
chemicals and their associated risks. This requires addressing, particularly in the 
dissemination of safe working practices that take into account factors such as literacy 
and understanding of pictorial representations. Alternative methods of pest control 
such as Integrated Pest Management should be further promoted to reduce poisonings 
from agrochemicals. 
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S. Human factors in post harvest 
agricultural production 
6.1 Aims 
This chapter considers micro and macro ergonomics issues in post harvest agricultural 
production with two specific aims: 
1. To identify ergonomics hazards within agroprocessing. 
2. To identify ergonomics constraints with technology transferred to post harvest 
agricultural production systems. 
6.2 Introduction 
5.2.1 Agroprocessing 
Post harvest agricultural production, or agroprocessing as it is also known may be 
defined as the transformation of harvested natural resources by biological or chemical 
processes, changing the physical state or appearance of the product and usually adding 
value (e. g. monetary or extended storability) to it. The products of agroprocessing can 
either be edible, such as cooking oil or alcoholic beverages, or inedible such as soap or 
candles. 
Within the agricultural sector, agroprocessing has received particular attention from 
development agencies with it being linked to the relative abundance of agricultural raw 
71 
5. Human Factors in Agroprocessing 
materials and low-cost labour in most of them (FAO, 1997). Agroprocessing is seen to 
improve food security and adds value to raw agricultural produce, allowing it to be 
marketed more efficiently. Furthermore, as women are the most predominant group 
involved in agroprocessing., it ties in with Women in Development initiatives. Such 
initiatives within projects assume that women are more responsible than men, being 
'family managers, ' the primary deliverers of health care and nutrition (Warner et al., 
1997). By empowering women, the benefits of development programmes are more 
likely to be realised throughout the community. 
Recently there has been renewed interest in the study of local group-based organisations 
in Sub-Saharan Africa (Coulter et. al., 1996) with groups becoming particularly 
fashionable amongst donors and NGOs for channelling assistance (including technical 
advice, agricultural inputs, credit, etc. ) to rural communities. This provides a means of 
alleviating poverty and raising incomes. Agro-processing has provided an opportunity 
to combine Women in Development initiatives with the for M-ation of such local groups. 
This has been the case in the Brong Ahafo region of Ghana where a number of womens' 
groups and co-operatives dedicated to agroprocessing have been fonned under the 
auspices of NGOs. 
5. Z2 Stakeholders 
In Ghana agroprocessing is predominantly undertaken by women following traditional 
processes. These usually involve a number of labour intensive stages, using traditional, 
manual technologies, although raw materials Will often be taken to the commercially 
run mills for these activities. In the few instances where mechanical or motorised 
machinery is possessed by traditional processors , it 
is usually provided by NGOs or 
research institutes as part of aid packages. 
Perhaps the most arduous activities involved in many agroprocesses are pounding, 
grating and milling. Small enterprises offering mechanised milling and grating services 
are thus common in many villages with groups, or more usually 
individuals, providing a 
service for others such as grinding, grating, de-husking and shelling, predominantly 
using mechanised machinery. These customer service mills generally provide a service 
rather than producing a particular product, with villagers taking small amounts of raw 
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agricultural produce for processing either for domestic or commercial use. Whilst 
women generally use the services they provide, customer service mills are generally 
owned and operated by men. 
5.2.3 Occupational hazards 
To date there has been little work that has specifically focused upon occupational 
disorders or ergonomics hazards in agroprocessing. In Loewenson's (1998) survey of 
the health impact of occupational risks in the informal sector in Zimbabwe, 
agroprocessing was categorised as a home based enterprise. This survey found 
ergonomics hazards, particularly poor work postures, long hours of standing, handling 
heavy loads and uncomfortable seating to be amongst the most commonly identified in 
home based enterprises, and suggested a need for a specific focus on ergonomics in the 
small scale sector. 
Birley (1995) considered health hazards of agroprocessing to be similar to those found 
in small scale industries with the additional risks of non-communicable diseases such as 
respiratory and dermal problems (Table 26). 
Table 26 Examples of occupational hazards associated with agroprocessing (Birley, 1995) 
Produce Exposure Health risk 
Beedi cigarettes, India Tobacco and bad posture Poisoning and bad posture 
Coir, India Heavy dust Dermatitis, hyperkeratosis, 
respiratory disease 
Cashew nuts, India Fumes and Corrosive liquids Dermatitis, abscesses, boils, 
respiratory disease 
Rice Dust Acute and chronic irritation of 
eyes, nose, lungs and skin 
Pineapples, Swaziland Acidic fruit juices Dermatitis 
Bagasse (sugar cane) Fibre Respiratory disease 
1'extiles Dust Respiratory disease 
5.2.4 TeChnology transfer 
In order to improve the status and quality of life of women, many development 
initiatives have identified the need for improved and appropriate technology (Minnow- 
Hagen 1994). This is particularly so with traditional technologies that are often time 
consuming, tedious and inefficient, yet provide women with an opportunity to generate 
their own income. Increasingly, the formation of co-operative women"s groups is being 
promoted, with services such as financial credit and mechanised technologies being 
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provided by aid agencies to increase the profitability and reduce the drudgery involved 
in agro-processing. 
Machinery suitable for driving mechanised agricultural technologies is not produced in 
Ghana. Engines, such as diesel powered and electric motors are therefore imported, 
predominantly from India or Japan. Agroprocessing equipment is however produced in 
Ghana (Table 27), with considerable effort being directed into the research and 
development of new processing technologies which are not only an improvement over 
existing methods of processing, but are also capable of competing with imported 
technologies which are deemed expensive and beyond the financial means of most rural 
dwellers. New designs from universities or International Research institutions such as 
the International Institute of Tropical Agriculture (ITTA), Food Research Institute (FRI) 
or the Council for Scientific and Industrial Research (CSIR) are thus being produced 
alongside designs from established patterns (e. g. Carruthers and Rodriguez, 1992). 
Table 27 Origination of agroprocessing technologies in Ghana 
Designed by Manufactured by Provided/Disserninated by 
University ITTUs Retailers 
Research institutions local Artisans NGOs 
Universities MoFA extension 
Engineenng companies 
Manufacturing of agroprocessing equipment is undertaken by a number or 
organisations. Integrated Technology Transfer Units (ITTUs) are industrial workshops 
sited within magazines (the site of artisan workshops), designed to demonstrate 
profitable manufacturing activities capable of being transferred to interested and 
capable entrepreneurs (Hornsby, 1997). They produce items for which there is a local 
market, although they are often favoured suppliers of equipment to NGOs. Local 
artisans are the blacksmiths,, welders, metal-workers and carpenters engaged in 
fabrication of agro-processing equipment, usually located in the magazine areas of 
towns and cities. In many cases, local artisans will have been trained as apprentices at 
ITTUs. For designs they rely on copying existing equipment (often that manufactured 
by the ITTUs) using a variety of improvised tools and equipment. Whilst most of the 
products fabricated at universities are research driven, some departments, such as the 
Department of Agricultural Engineering at the University of Science and Technology 
(UST) in Kumasi do occasionally produce equipment to customer requests such as 
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NGOs to produce certain types of agroprocessing equipment. Finally there exists in 
Ghana a number of private engineering companies that manufacture agroprocessing 
equipment. 
As with many industrially developing countries, agroprocessing is being promoted by 
development agencies in Ghanaian rural communities. In Ghana this promotion of 
agroprocessing has been incorporated into the Medium Term Agricultural Development 
Programme and is the focus of much research by the National Agricultural Research 
Programme (NARP), a programme sponsored by various international aid agencies 
including the World Bank and DFID. Various NGOs are working alongside and 
independently, with similar goals, to improve agro-processing. 
Thus as part of their development programmes, a number of NGOs and international 
donors supply agroprocessing equipment. Furthermore, a number of Embassies control 
funds for local development projects which are often directed at agro-processing 
enterprises. Examples of NGOs which have been involved in the provision of 
agroprocessing equipment to groups include Adventist Development and Relief Agency 
(ADRA), Sasakawa Africa Association (SAA)/Global 2000,3 1" December Women's 
Movement, Technoserve, Self-Help Foundation, and the National Council for Women 
in Development. 
A key feature of the approach adopted in all the agroprocessing development 
programmes has been the attempt to directly transfer technologies developed by 
national or international research institutions such as HTA, FRI and CSIR to local target 
groups through the direct assistance of various governmental departments, donors and 
NGOs. Several problems may be identified with this approach. 
1. Lack of a particivatorv frameworL It does not involve the users who are best 
placed to decide which technologies to adopt and adapt (Scott 1996) 
in the 
development or choice of the technology. If existing technologies are simply taken 
(off the shelf and handed over to the users, the likelihood of failure is high (Prey, 
1994). 
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2. Choice of technologies., The range of technologies being promoted is narrow and 
this limits choice for users with information on other competing technologies not 
being provided. 
3. Apgropriateness. It may be questioned whether such an approach will benefit those 
for whom it is intended. For example, there is evidence to suggest that, particularly 
in West Africa, mechanised agro-processing techniques that are intended to improve 
activities that are traditionally 'women's work' tend to favour males, with men 
taking ownership of the equipment (Ugwu, 1997). 
These problems may be considered to be rooted in a failure to consider individual 
differences (micro-ergonomics) and the broader socio-cultural factors (macro- 
ergonomics) in agroprocessing development programmes. 
It is evident from the literature that ergonomics hazards within the informal sector are 
common. It can thus be supposed that these hazards will also be found in post harvest 
agricultural production systems. New technologies are increasingly being introduced to 
groups involved in agroprocessing, primarily to increase the scale of production to 
stimulate income generation, but also to reduce drudgery associated with traditional 
activities. The success of technology transfer being closely linked to micro and macro 
ergonomics was discussed in the literature review. It may therefore be hypothesised 
that the likelihood of success with technology transfer projects in agroprocessing will 
be more likely where ergonomics issues are addressed. 
5.3 Methodology 
5.3.1 Selection of Population 
In surveying agroprocessing in different communities it was important to focus on 
districts in the Brong Ahafo region with similar or identical socio-economic 
characteristics, (e. g., population, demographics, income, agronomic practices, etc. ) 
Using the Technoserve (1996) Base-Line Survey, three suitable districts were identified-, 
Wenchi, Nkoranza, and Techiman. Villages were selected according to similar cntena,, 
having similar characteristics, such as population (between three thousand to six 
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thousand inhabitants); availability of social infrastructure (at least one school, clinic, 
roads, etc. ); religion (50%+ Christian); identical literacy rates (40%+); financial 
institution (at least one within five miles); and finally, known groups involved in 
agroprocessing. Following this criteria, an opportunity sample of sixteen 
agroprocessing groups was selected (Table 28). In addition, visits to three aid agencies 
involved in the promotion of agro-processing technologies were conducted. 
Table 28 Groups and individuals who participated in research and number of participants in 
group interviews during PRAs 
Location Name No. of Processing 
p4! ýýcipants 
____ 
Activity 
1. Aworowa Aworowa Co-op. Cassava Processing &9 Gari 
Marketing Society Ltd. 
2. Bamboi Bamboi Women's Association 7 Gari 
3. Branam 3 Pito Brewing 
4. Buoyern Buoyern Gari Co-operative 10 Gari 
5. Kumasi Asokwa Gari Co-operative 6 Gari 
6. Kumasi Salasif Oil Mills 8 Palm oil 
7. Mesidan 6 Gari 
8. Nsawkaw Nsawkaw Cashew Growers Co-operative 8 Cashew nut 
9. Ntwiasu 9 Palm oil 
10 . 
Sikaa Nyamebekyere Gari Processing Group 6 Gari 
11. Subinsou No. I Kuroye, Gari Processing Association 10 Gari 
12. Subinsou No. 2 Zongo Gari Processing Group 6 Gari 
13. Subinsou No. 2 - 8 Pito Brewing 
14. Tano Boasi Alhassan Group 7 Groundnut Oil 
15. Techiman Techiman Market Co-operative Groundnut 8 Groundnut Oil 
Oil Producers & Marketing Society 
16. Timiabu 3 I't December Women's 12 So 
Furthermore,, in the villages visited, twelve individuals who either owned or operated 
machinery were surveyed. Six manufacturers and four retailers of agroprocessing 
technologies were questioned. 
All those involved with agroprocessing were women whilst those involved with 
machinery were men. This was not intentional, however it represented the gender 
divisions in agricultural practices. All visits were conducted between May- 
November1997. 
A more detailed investigation into occupational and musculoskeletal disorders from a 
specific agroprocess, gari processing, was conducted at Asokwa Gari Co-operative in 
Kumasi, Ghana in December 1997. An opportunity sample was selected, with 38 out of 
the 60 group members participating. 
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5.3.2 Selection of Processes 
Following consultations with a broad knowledge base that including on-going research 
in the area, and discussions with personnel from various aid agencies, NGOs, and 
MoFA agricultural extension workers, seven agroprocesses that were considered most 
commonly undertaken in the Brong Ahafo region were chosen for study and one that 
had recently been introduced (cashew nut processing). All are characterised by 
numerous transformations during their processing and are predominantly undertaken by 
women. They are presented in Table 29. 
Table 29 Agroprocesses selected for study 
1. Cashew nut processing Cashew nuts are a non-traditional cash crop predominantly grown and 
processed for the export market. Quality of the processed nuts is thus an 
important factor in its production. The process takes two to three days and 
the processed nuts store for up to three moths depending upon the qualitv 
of packaging. Cashew nut processing is being promoted by vanous NGOs 
as a means of income generation 
2. Gan processing Gari is a processed foodstuff which is essentially grated, ferinented and 
roasted cassava, the whole process taking six to twelve days. Quality of 
the gari is not usually considered important to customers, it being often 
seen as a 'student' or lean-season food being cheap and easily stored, 
depending upon the quality of its packaging. Its shelf life is between one 
to three years. 
3. Groundnut oil processing Groundnut oil is processed over two days from ground nuts (peanuts) and 
is used in domestic cooking, The quality of the oil vanes depending upon 
the raw nuts, although customers do not generally pay a premium for better 
quality oil. The oil will store for up to a year. 
4. Palm kernel oil processing Palm kernel oil is extracted from the kernels of palm tree fruits and is 
extensively used in domestic cooking. It takes up to fifteen days to process 
and will store for up to one year. Its quality depends upon colour, taste and 
smell 
5. Pito brewing Pito is a popular alcoholic drink brewed from guinea com. Processing 
time is between eleven to fourteen days and it will store for between three 
to five days. It is consumed at pito, bars with customers drinking at 
whichever bar is deemed to have the best quality pito at that particular 
time. 
6. Soap processing In BA soap is processed from pahn oil that is mixed v6th either ash or 
soda. The process takes two days with the soap being sold locally and can 
be stored indefinitely. Quality is considered unimportant by customers. 
7. Milling Much of the processed agricultural produce in BA involves a milling stage 
in its processing. Milling is predominantly undertaken at customer service 
mills owned and operated by local entrepreneurs however some NGO 
supported groups own mills. Customers bring raw produce to the mills 
and it is milled using corn mills driven by diesel engines. 
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5.3.3 Participatory Rural Appraisal 
Participatory Rural Appraisal (PRA) can be described as "a family of approaches, 
methods and behaviours that enable people to express and analyse the realities of their 
lives and conditions" (Chambers and Blackburn, 1996). The approach is designed to be 
contextually and culturally appropriate and provides a flexible method for qualitative 
data collection (Stadler, 1995). The survey methodology used in this study was based 
upon Participatory Rural Appraisal PRA techniques with individuals (primarily mill 
owners and operators) and small groups. The latter had the advantage of allowing a 
wide range of ideasl opinions and information to be gathered in a relatively short time 
from agroprocessing group members with an immediate cross check provided by the 
different views of the participants. Principally semi-structured interviews were used, 
with a format followed, interspersed with seasonal calendars and scoring exercises. 
The later were used by the socio-economist for economic analysis and are outside the 
scope of this report. Direct observation of the process and a checklist for identifying 
tasks with potentially hazardous ergonomics risks were also employed. 
5.3.3.1 Semi Structured Interviews 
Group interviews provide access to a large body of knowledge and provide an 
immediate cross-check on information as it is received from others in the group (Nmb, 
1995). Group interviews were undertaken with a skeleton questionnaire constructed, 
around which the interviews were loosely based (Appendix 9). In interviewing owners, 
operators and manufacturers of technology a similar interview format was followed 
(Appendix 10). The semi-structured format allowed participants to be probed further 
on relevant issues whilst questions deemed irrelevant were ignored. The interviews 
were essentially a process where, through dialogue and casual conversation, important 
information could be informally gathered. Notes were taken by the researchers during 
the PRA and were compared afterwards to ensure inter-observer reliability. 
5.3.3.2 Seasonal Calendars 
Seasonal calendars are a diagramming method to show the distribution of activities or 
features such as rain, food and workload over time (Hinton and Young, 1996). 
A large 
grid was drawn up on the floor ensuring it could 
be seen by all the participants. The 
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time period was broken up into two cropping seasons which were further divided into 
12 months. Periods of high and low work intensity, peak processing times, rainfall and 
planting, harvesting and price of crops grown in each community were recorded by 
asking participants to place tokens representing each of these against the time of year 
they occurred. The diagram on the floor was later copied onto paper. 
5.3.3.3 Walk through and Direct observation 
Whilst the process was described by participants during the interviews, direct 
observation allowed specific aspects to be addressed with individual workers involved 
in the process itself During the visit to each processing site a 'walk through' was 
conducted. This involved walking around the site where the agroprocessing was 
undertaken, addressing each task or activity, observing it and discussing with the 
worker what, how and why each was done. Following this the researcher further 
observed the process from a distance, as far as possible aiming not to interfere and 
remain as unobtrusive as possible, From these methods it was possible to break down 
the process into its component tasks, time them and subsequently address each task 
using the checklist. 
5.3.4 Ergonomics hazards checklist 
Checklists are lists of items that may be expected to occur in a given situation, allowing 
their occurrence to be recorded (Sinclair, 1995). The checklist can function as a rapid 
screening tool to identify jobs with potentially hazardous ergonomics risks (Keyserling 
et al., 1993). It does not allow quantitative analysis of workplace hazards (tools such 
body maps for postural analysis, the NIOSH equation for manual handling (NIOSH 
198 1, Waters et al. 1983) and thermal indices for hot environments should be used for 
such analyses), rather a qualitative insight into ergonomics 'problems'. Given the need 
for a simple and rapid tool to identify micro-ergonomics issues within agro-processes a 
checklist was felt to be most suitable for this survey. A number of ergonomics 
checklists have been developed and successfully used for evaluating working 
conditions. (e. g. Lifshitz and Armstrong, 1986, Keyserling et al., 1993, Ergo'web, 1994, 
ILO 1996, NIOSH 1997). 
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Keyserling et al., (1993) identified five categories of ergonomics risk factors that 
checklist questions are grouped in and which most of the cumulative trauma disorder 
(CTD) checklists reviewed conform to. They are repetitiveness, forceful exertions, 
local mechanical stress, awkward posture and hand tool usage. These however do not 
include other ergonomics stressors such as environmental factors. In light of this, 
Keyserling et al., (1992) was modified to evaluate ergonomics problems expected in 
agricultural production systems using the following categories: 
5.3.4.1 Repetitiveness 
Highly repetitive motions can contribute to cumulative trauma disorders (Putz- 
Anderson,, 1988) with the risk of damage to tendons through repeated stretching and 
elongation and cumulative overuse. Disorders commonly associated with repetitive 
task demands include tennis elbow and tenosynovitis. 
5.3.4.2 Manual Handling 
Manual handling tasks can present a risk of work-related musculoskeletal disorders. 
These can generally be divided into those causing cumulative damage from frequent 
micro-trauma and those requiring high forceful exertions which present the risk of 
injury and damage to the musculoskeletal system. A high incidence of back pain is 
common where manual handling activities are undertaken. Risk factors in manual 
handling include working height, reach distance, trunk bending and twisted, awkward 
or constrained postures. 
5.3.4.3 Posture 
Postures which are awkward or involve sustained static muscular effort are likely to 
cause discomfort or pain and are therefore unfavourable. Prolonged sitting postures can 
cause health problems with slackening of the abdominal muscles and spinal curves and 
impairing the function of some internal organs (Obome, 1987). 
5.3.4.4 Tool use 
Tools transmit various forces to the hand and when these are excessive or located in 
especially vulnerable parts of the hand cumulative trauma can result (Putz-Anderson, 
1988). Repetitive finger action and deviation of the wrist often found in hand-tool use 
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are similarly associated with CTDs. Where vibrating hand tools are used, poor design 
may present a risk of vibration white finger (VWF) or Reynauld's phenomenon 
Furthermore hand tools are involved in many accidents, with the upper extremities 
being more injured more often than any other part of the body (Aghazadeh & Nfital 
1987). 
5.3-4.5 Environment 
Environmental hazards may present risks to health. These may include thermal stress, 
noise, air pollution, and poor lighting. For example, exposure to excessive thermal 
loads can present a significant risk of various heat related disorders such as dizziness,, 
nausea, cramps and heat stroke. 
5.3.4.6 Mechanical Hazards 
Moving mechanical parts such as wheels, pulleys, and belts present the risk of injuries 
from flying objects and body parts or clothing being caught (ELO, 1996). Poorly 
maintained equipment is more likely to breakdown and can be unsafe. 
5.3.5 Research team 
Two or three researchers is considered ideal when conducting PRAs (NRIb, 1995), 
allowing one to ask questions whist the other transcribes responses. Furthermore, this 
approach can reduce bias that may occur with a sole researcher with specific interests. 
The survey was thus undertaken by a research team including an ergonomist (the author 
of this thesis), a socio-economist, and local translator, trained in participatory research 
techniques. 
5.3.6 Procedure 
Prior to the study being undertaken, the researchers were trained in PRA techniques by 
NRI field staff 
The procedure commenced with a courtesy visit to each village prior to the PRA. 
Following permission from village elders being gained to conduct research in their 
community, group leaders or individuals were visited, the nature of the research 
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explained and a date and time for the PRA set. Where their daily schedule allowed, 
individuals were interviewed on the first meeting. 
On arrival at the village the Group leaders were met and a meeting with group members 
convened at an appropriate location. The research commenced with an introduction 
and overview of the nature of the research. The semi-structured interview was then 
conducted through an interpreter. The procedure for the semi-structured interview was 
based upon that presented in NRI materials (NRI a, 1995). It opened with a broad 
question, asking the group about the process itself, with the respondents discussing the 
process in their own terms. More specific open ended questions loosely following the 
skeleton questionnaire were then asked. The full involvement of the group was 
encouraged with alternative views and opinions being sought to avoid group pressure. 
To maintain the respondents interest in the interview, seasonal calendars were used at 
appropriate times to break up long sessions. 
Following the interview, the processing site where other group members were engaged 
in the agroprocessing was visited, In the case of work that was interrupted by the group 
discussion,, this was conducted at a later time. 
A walk-through the processing site was undertaken with the interpreter. After the walk 
through, the ergonomist withdrew to make observations of each processing activity 
from a distance. Component tasks were identified and cycle times to complete each 
task measured. A brief description of each task was then entered into a column on the 
checklist (Appendix 12) with the consequential ergonomics risk factors for each of 
these tasks being evaluated according to the checklist questions. 
At the end of each visit, time was made available for further informal discussion and 
thanks to the group. At the end of each day, the notes taken during the group interviews 
were compared and written up. 
5.3.7 Survey of occupational disorders 
A case study investigating occupational disorders at Asokwa Gari Co-operative in 
Kumasi, was conducted. In addition to the PRA techniques described above undertaken 
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with six workers, a pre-tested questionnaire was administered to the 38 gari workers 
whilst they worked (Appendix 15). 
5.4 Results 
130 tasks were observed at 28 processing sites (Table 30). The activities involved in 
each process were similar at each processing site. From the observations made at each 
site, it was possible to identify common primary tasks involved in the process. These 
are presented in Table 31 Jable 36 with various general human factors issues associated 
with each task that were identified. Specific ergonomics risk factors as identified from 
the checklist are presented in the following sections. In reporting these checklist results 
the percentage of tasks involving a potential ergonomics risk in each agroprocess are 
presented. 
Table 30 Sites at which agroprocesses were surveyed and number of tasks observed 
A ro-processing activity, Number of sites where tasks observed Total number of tasks observed 
Gari 8 56 
Oil Palm 2 12 
Cashew nut 1 7 
Ground nut 2 10 
Pito 2 8 
Soap 1 4 
Nfilling 12 
Total 28 130 
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Table 31 Descriptions of the primary tasks and technologies involved in Groundnut Oil processing 
and their related human factors issues 
Stages within 
process 
Technology used Description Human factors issues 
Shell groundnuts 9 Shelling Dry nuts are shelled either by hand or using * Hand shelling is tedious requiring 
machine a manuaUy operated machine. If ground repetitive hand motions 
nuts are bought from the market they are 
bought ready shelled 
Roast ground nuts * Circular round- The groundnuts are roasted for * Irritation from smoke (Figure 6) bottomed cast approximately 2 hours In circular round- * Bums to the arms and hands from 
aluminium, pans bottomed pans with sand to prevent them the hot pan 
from burning. They are continuously stirred 
Rubbing e Wooden block The skins on the nuts are removed by gently * Bending 
9 Concrete floor rubbing them with a wooden block over a 
concrete surface 
Milling * Stone The ground nuts are then taken to the mill 0 Com mill hoppers generally require 
e Pestle and for mil-ling. At Tano Boasi the women a lifting and reaching posture to 
mortar claimed that some millers refuse to process feed followed by a bending posture 
0 Com Mill groundnuts as their corn mills require to lift milled product 
cleaning before and after the process and 0 Dusty environment in mill can 
this is a time consuming process cause respiratory problems 
Kneading 9 Cast aluminium. Boiling water is added to the paste and it is 9 Drudgery 
(Figure 7) pans kneaded for approximately twenty minutes * Kneading causes pam in the chest 
by up to 4 women per pan to extract the oil. and lower back from bending 
The oil is then poured into a pan and the * Repeated flexionJextension of wrist 
residue is moulded into balls 
Frying 9 Large cast The residue balls are fried in the oil which * Bums from hot oil 
aluminium. pots extracts more of the oil from the residue 
Milling * Stone The residue, known as Kulikuh is then * As above 
* Pestle and pounded before being milled in the corn mill 
mortar 
0 Com mill 
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Table 32 Descriptions of the primary tasks and technologies involved in gari processing and their 
related human factors issues 
Stages within 
proces8 
Technology U-sed Description Human factors issues 
Peel fresh cassava Knives Tubers are peeled with a knife. This is 9 Repetitive motions 
usually a social process with women sitting * Knife wounds 
around the pile peeling 9 pain in left shoulder from holding 
heavy tubers 
e discomfort from long periods of 
sitting Washing Bucket The tubers are washed * Repetitive motions 
* Drudgery when water source is not 
near place of processing 
Grating Rasper The peeled and washed tubers are grated, 9 Drudgery and injuries to hands (Figure 12) Mechanised traditionally this was done using a hand from traditional rasping 
grater raspier, a slow tedious and often painful * Chest pains from feeding cassava 
process. Where a mechanised grater is into machine 
available the tubers are placed in the hopper 
which is at a high level, and the grated 
dough is collected at floor level. Some 
graters require a lever to be operated, 
pushing the tubers against the grating drum 
whilst others rely on gravity for feeding 
Fermentation Wicker baskets The dough is then bagged or placed in * Unpleasant odour 
baskets and left to ferment for 1-7 days 
De-watering * Rock press The dough is then pressed. Traditionally * Injuries to fingers and feet from 
(Figure 8, Figure 9) * Screw press this is carried out by placing heavy rocks on falling rocks 
the sacks and will take between 2-7 days * Screw presses require forceftil and 
depending upon the season, Screw presses quick, sudden motions 
considerably reduce this time to 15-20 
minutes 
Sieving 0 Raffia sieve The dough is pushed through a sieve either 
(Figure 10) 0 Metal sieve done before or whilst roasting 
Roasting 0 Circular ne sieved dough is roasted for * Irritation from smoke 
(Figure 10) round- approximately 20-30 minutes. It requires * Shoulder pains from stirring 
bottomed cast constant stirring using a calabash 'spoon' to * Lower back pain from sitting for 
aluminium prevent burning. Rectangular roasting pans long periods of time 
I pans 
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Table 33 Descriptions of the primary tasks and technologies involved in Oil Palm processing and 
their related human factors issues 
Stages within 
process 
technology used Description Human factors issues 
Preparation 0 Cutlass Palm fruits are removed from bunch using * Cuts to fingers 
cutlass * Repetitive motions 
Fermentation For high quality palm oil, palm fruits can be 
left to ferment for 4 days in damp jute sack 
Boiling * Deep bottomed Fresh fruits are boiled for 25-30 minutes * Bums from pan 
aluminiurn pan * Irritation from smoke 
Crushing * Pestle and Boiled fruits are crushed, the traditional * Pounding is tedious 
(Figure 16) mortar method is to pound in a pestle and mortar. * Pam and discomfort 111 upper body 
* Digestor When mecharused crushing is done by a 
digestor 
Boiling & squeezing e Deep bottomed In the traditional method, the chaff is boiled * Scrubbing is the source of much 
aluminium pan again before being washed. This involves drudgery 
scrubbing the chaff and squeezing against * Causes pain in back, knees and 
the side of the pan. The oil slowly rises and ankles 
is removed 
Pressing Screw press With a screw press, crushed fruits are placed 9 Screw press require forceful and 
in the press, and the oil is pressed out. This quick, sudden motions. Is therefore 
process takes about ten minutes and is often considered a "man's job" 
usually done by two people. The oil is 
collected in a bucket 
Boiling Deep bottomed The oil is boiled for 15 minutes. With the 
aluminiurn pan traditional method the squeezed chaff is 
added to remove fiii-ther oil from it. This 
process is complete when the chaff settles 
Cooling and The oil is then left to cool for 10 minutes 
packaging before being poured into plastic containers 
for sale 
Drying ......... .......... The crushed, pressed fruit is dried in the sun 
for 24 days and the nuts are removed from 
the chaff 
Cracking * Stones The traditional method for cracking the * Hand cracking with stones is 
* Cracker kernels is using two stones to smash the nut laborious and uncomfortable 
open. The kernels are placed in a basket. If * Injuries to fingers during cracking 
it is available, the nuts are cracked in a e Postural discomfort 
cracker 
Winnowing 9 Circular round- If the nuts have been shelled in a cracker, Repetitive motions 
bottomed cast the kernels are winnowed from the shells by 
alurninium, pans pouring them from pan to pan 
* Winnower 
Washing 9 Deep bottomed The nuts are washed 
aluminium pan ... ... 
Drying 
.... . . .. . ... 
They are then dried in the sun for 1-3 days 
. . .. . . Frying * Circular round- The nuts are then fried in a large pot for 40 e Irritation from smoke 
bottomed cast minutes, continuously stirring * Drudgery from stirring (upper body 
aluminium pans and lower back pain)__ 
Milling 9 Stone They are then left to cool before tanking * Com mill hoppers generally require 
* Pestle and them to the com mill for grinding a lifting and reaching posture to 
mortar feed 
followed by a bending posture 
0 Corn mill to 
lift milled product 
9 Dusty environment in mill can 
cause respiratory problems 
Boiling * Deep bottomed The nut dough is then mixed with a small * Irritation 
from smoke 
alummium pan amount of water and is boiled for 15 * Drudgery from stirring (upper 
body 
minutes, stirring continuously. More water and lower back pain) 
is added and the oil will gradually rise to the 
surface. It is removed and poured into Jerry 
cans, ready for sale 
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Table 34 Descriptions of the primary tasks and technologies involved in Cashew Nut processing and 
their related human factors issues 
Stages within 
process 
Technology used Description Human factors issues 
Sorting Cashew nuts are sorted according to size Repetitive motions 
Steaming Cashew Raw nuts are put in a sack which is placed 
steamer on the steaming rack in the steamer. The 
nuts are steamed for 45 minutes before being 
removed 
Drying The nuts are spread out In the shed and air 
dried for 18 hours 
Shelling Shelling The cashew nut IS cracked open to remove * Repetitive motions 
machine the kernel. This is done using a Shelling 9 Uncomfortable standing posture 
machine, comprising of a cutting assembly required to depress pedal' 
mounted on a wooden table. The cutter has * Dermal reactions from Cashew Nut 
two blades that are shaped into the contour Shell Liquid. The traditional 
of the cashew nut. The nut IS manually method of minimising this is 
placed between the blades and a foot applying vegetable oil and wood 
operated pedal is depressed cutting the shell ash, however at Nsawkaw this was 
open. Simultaneously a hand operated lever not found to be reliable. Heavy 
is operated prizing the shell apart. The duty rubber gloves were provided 
opened shell then drops down a gully into a however there are ill fitting and are 
. 
bucket. I cutter can do 10 kg in 4 hours easily cut 
Pickin g 0 Hand held pick The kernels are then picked out of the * Repetitive motions involving 
opened shells using purpose designed tools fingers 
fabricated out of flattened bicycle spokes e Dermal reactions from Cashew Nut 
with wooden handles. Whole kernels and Shell Liquid 
broken kernels are placed in different 
containers. 
Oven drying Oven The kernels are slowly dried in the oven at 
70'C for 5 hours 
Peeling Hand held pick The dried shells are removed from the oven * Repetitive motions involving 
0 Knives trays and placed on the peeling table. 8 fingers 
women then gently peel off the skins with * Tedious activity with little variation 
either knives or the above mentioned tools. 
Kernels are separated according to their 
grade: whole white, whole scorched, broken 
'Foot pedals often require keeping a special posture which restrict the operators movements, when repetitively operated by one toot 
cause one-sided strain which may lead to back pain 
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Table 35 Descriptions of the primary taslis and technologies involved in Pito Brewing and their 
related human factors issues 
Stages within 
process 
Technology used Description Human factors issues 
Soaking Guinea Corn is soaked in water for 24 hours Pre-germination The soaked corn is then spread out on the Poor posture (Figure 15) ground and covered with tarpaulin or sacks. 
It is kept damp for 3-4 days to allow pre- 
. .......... germination Drying Depending on the weather the com is dried 
the sun for 1-2 days 
Milling Stone The dried corn is then taiýii to the mill for Corn mill hoppers generally require Pestle and grinding or is ground with a stone or pestle a lifting and reaching posture to 
mortar and mortar. Some brewers leave the liquid feed followed by a bending posture 
Corn mill to soak for a further 3 days to lift milled product 
Dusty environment in mill can 
cause respiratory problems 
Mixing The milled corn and the bark of the Okra 
tree is added to water 
Boiling Deep bottomed The liquid is boiled for an hour or until the Irritation from smoke 
aluminium pan mash rises to the surface. This is then Bums 
removed, added to water and boiled, When 
the mash has risen it is removed and the 
liquid is poured into the original batch. 
This process is repeated over two days, until 
the product liquid tastes sour 
Sieving Raffia sieve The liquid is poured through a sieve to 
Metal sieve remove the mash which is subsequently 
used for animal feed- 
Settle The liquid is then left for a day. In Branam. 
this was over heat for two days 
Fermentation The liquid is then added to the selling pots 
and is mixed with yeast from old Pito. The 
following morning it is ready for sale 
Table 36 Descriptions of the primary tasks and technologies involved in Soap Processing and their 
related human factors issues 
Stages within 
process 
Technology used Description Human factors issues 
Heat oil * Deep bottomed The oil is heated in a large pot over an open 9 Irritation from smoke 
aluminium pan fire * Drudgery from stirring (upper body 
I 
and lower back pain) 
Prepare either ash or * Clay pot Ash is kneaded into a paste with water, 0 Bums from soda 
soda whilst soda is prepared the night before by 
mixing it with water 
_-- - Add prepared ash or 9 Deep bottomed Soda is added when the oil has been left to 0 Bums from soda 
soda alurniniuin pan cool whilst the ash is added during boiling 
Stir The oil and soaplash is stirred with a long 0 Repetitive motions 
stick standing over the pan 
Remove soap Thin polythene The mixture begins to solidify during 0 Bums from soda 
bag gloves stirring. As it swells up, the soap is 
manually removed from the pot and 
moulded into balls. Polythene bags are used 
as gloves 
5.4.1 Repetitive movements 
Many traditional processes involve repetitive motions, such as roasting groundnuts 
(repeated supinaiton/pronaiton of wrist, Figure 6) and kneading groundnut paste to 
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extract oil (repeated flexion/extension of wrist,, Figure 7). From Table 37 It can be seen 
that 70% of all the agroprocessing tasks involved repetitive hand motions with the 
majority of these tasks (62.3%) involving repeated manual activity for more than 50% 
of the work cycle time (time to complete a unit of work). 
Table 37 Ergonomics risk factors associated with repetitive motions. (Percentage of tasks in each 
process) 
Checklist question Gari Oil Palm Cashew Groundnut oil Pito Soap Wling Overall 
Repetitive use of hands 62.5 91.7 71.4 100 50 50 72.7 70.0 
Work cycle <30 s 45,7 45.5 40 0 50 100 29.2 37.4 
Repeated for > 50% cycle 543 54.5 60 100 50 0 70.8 62.6 
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5.4.2 Posture 
- -"M% 
Am" 
Table 38 presents responses to the checklist for ergonomics risk factors associated with 
awkward postures. Almost 71 % of all agroprocessing tasks involved forward bending, 
with gari processing drawing the highest 'yes' response to this category. Much of this 
bending is in the picking up and moving of cassava products. Static muscle contraction 
was observed in many of the tasks, predominantly during those involving crouching or 
sitting on ankle height wooden seats for long periods of time, or holding the arm in a 
fixed posture whilst stirring liquids or holding heavy objects. 
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Figure 7 Kneading groundnut paste to extract oil 
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Table 38 Ergonomics risk factors associated with awkward postures. (Percentage of tasks in each 
process) 
Checklist question Gari Oil Palm Cashew Groundnut oil Pito Soap Milling Overall 
Forward bending 80.4 66.7 57.1 30.0 100.0 50.0 66.7 70ý8 
Elbow above mid-torso 12.5 16.7 0 10.0 25.0 50.0 30.3 18.5 
Twisting at waist 58.9 16.7 14.3 0 25.0 25.0 27.3 3 6.9 
Static load 42.9 58.3 28.6 80.0 25.0 50.0 36.4 4 3.8 
Little alternation between 42.9 16.7 71.4 30.0 25.0 0 36.4 36.9 
sitting and standing 
Restricted change of body 23,2 25.0 42.9 40.0 25.0 0 27.3 26.2 
position 
Wrist deviation 91A 100.0 71.4 80.0 100.0 100.0 48.5 80.0 
5.4.3 Manual Handling 
Many of the processes involved the manual transportation of heavy materials or 
significant manual forces being exerted with almost 44% of all tasks requiring objects 
of more than 4.5kg to be handled (Table 39). Such tasks included carrying pans of 
water for the washing of the raw materials, carrying raw produce to customer services 
mills, and operating screw presses (Figure 8 and Figure 9). Tasks most associated with 
manual handling risks were those observed in the customer service mills. At one mill 
the mean weight of pans of gari tubers carried from the homestead to the mill for 
grating was more than 10kg (n=8). Forceful motions were observed in starting diesel 
engines (39.4%) whilst operating the com mill involved using the fingers to push small 
raw produce into the mill grinding plates (39.4%). Being conducted around the 
homestead, the area in which the processing activities were undertaken were generally 
clean, however almost 57% of all tasks undertaken in the mills were carried out around 
obstructed or dangerous walkways, increasing the risks of slips, trips or falls. 
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Table 39 Ergonomics risk factors associated with manual handling. (Percentage of tasks in each 
process) 
Checklist question Gari Oil Palm Cashew Groundnut oil Pito Soap Nfilling Overall 
Handle objects > 4.5kg 41.1 16-. 7 4-2. -9 40.0 37.5 0 66.7 43.8 
Smooth, slippery object or tool 25.0 33.3 0 0 0 25.0 6.1 16.2 
Localised pressure on the 41.1 33.3 28.6 50.0 0 0 21.2 31.5 
fingers, hands, or arms 
Palm used as a striking tool 16.1 8.3 0 30.0 0 0 21.2 15.4 
Finger used as pressing or 8.9 0 28.6 0 12.5 0 39.4 16.2 
pushing tool 
Pinch grip 1.8 0 42.9 0 0 0 3.0 3.8 
Reaching 51.8 8.3 42.9 50.0 50.0 25.0 30.3 40.8 
Forceful or sudden motions 16.1 41.7 14.3 30.0 0 0 39.4 23.8 
Inadequate clearance/ 5.4 8.3 0 10.0 12.5 0 27.3 11.5 
accessibility 
Uneven, slippery or obstructed 7.1 8.3 0 0 25.0 0 57.6 20.0 
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Figure 8 Traditional method for 'de-watering' gari. Stones are placed on 
sacks 
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5.4.4 Handtools 
!J 
(4 
From Table 40 it can be seen that over 63% of all agro-processing tasks involved the 
use of handtools. Of these, almost 70% of these caused wrist deviation. Handtools 
used were predominantly cutting implements such as cutlasses or knives (e. g. cutting 
fruit from branches, peeling tubers), mixing or stirring implements (e. g. calabash 
4spoon' for stirring gari during roasting) and pounders (e. g. crushing oil palm fruits). 
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Figure 9 Using screw-presses to 'de-water' gari 
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Most tasks involving the cooking of produce resulted in the tool becoming hot (34.6% 
of tasks). 
Table 40 Ergonomics risk factors associated with hand tools. (Percentage of t2sk3 in each process) 
Checklist question Gari Oil Palm Cashew Groundnut oil Pito Soap Nfilling Overall 
Hand tools used 46.4 75.0 42.9 60.0 62 5 50.0 3.0 63A 
Unbalanced toot 34.6 11.1 0 33.3 0 0 0 
Tool jerks hand 23.1 44.4 100,0 0 40.0 0 0 28.8 
Tool handle unsuitable 42.3 11.1 0 83.3 0 0 0 3,2 7 
size 
Tool becomes hot 26.9 11.1 0 66.7 80.0 100.0 0 3 4.6 
Handle causes wrist 69.2 33.3 66.7 100.0 100.0 100.0 0 69ý2 
deviation 
5.4.5 Environment 
With the exception of milling and grating, using mechanised technologies, and cashew 
processing, almost all tasks were undertaken outdoors. The working em 1ronment in 
most of the customer service mills surveyed was generally hazardous (Table 4 1), such 
as tasks involving excessive noise (measured to be over 80db) (87.9%). vegetable dusts 
(81.8%) inadequate ventilation and poor lighting (81.8%). The latter two being 
generally due to the mud hut housing having little or no 'window' area, no electricitV 
supply for artificial lighting and kerosene lamps being considered too dangerous to use. 
There were no environmental problems at the cashew processing plant. This was due to 
the building having open walls and located away from sources of smoke. Those 
activities undertaken outdoors were either under direct sunlight (wide brimmed hats 
being generally worn) or under open sided sheds with straw or corrugated iron roofs. 
34.6% of all tasks were conducted in what was considered to be excessive 
heat. Most 
of the agroprocesses required a source of heat to perform the transformation, this was 
almost always from an open fire and caused discomfort 
ftom the radiative heat load and 
smoke from the inefficient wood-fuel fires (Figure 
10). Indeed smoke, airborne 
particles and unpleasant odours were associated Nvith more 
than 55% of all activities. 
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Table 41 Ergonomics risk factors associated with environmental st ressors. (Percentage of tasks in 
each process) 
Checklist question Gari Oil Palm Cashew Groundnut oil Pito Soap Nfilling Overall 
Excessive heat 37.5 41.7 0 60.0 37.5 50.0 24.2 34.6 
Poor light 3.6 0 00 0 0 81.8 22.3 
Excessive noise 7.1 0 00 0 0 87.9 25.4 
Odifourous/ dusty/ smoky 55.4 33.3 0 50.0 50.0 25.0 81.8 55.4 
environment 
Inadequate ventilation 3.6 0 00 0 0 72.7 20.0 
Aw AM 
5.4.6 Mechanical equipment 
k6W 
6.2% of all agro-processing tasks involved the use of mechanical equipment (Table 
2) that was predominantly transferred technology (e. g. Figure 11). This included 
ower sources (diesel and electric motors), cornmills (for milling groundnuts, guinea 
orn etc. ), graters (for grating cassava), screw-presses (de-watering gari and extracting 
, alm oil), and groundnut shellers. More than 85% of tasks involving these technologies 
iere carried out with no safety equipment such as guards over moving parts (Figure 
2). Equipment in customer service mills was generally kept in a better state of repair 
48.9%) than that in gari co-operatives who owned their own equipment (63.6%). 
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Figure 10 Sieving and roasting gari 
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Table 42 Ergonomics risk factors associated with mechanical equipment. (Percentage Of tasks in each 
process) 
Checklist question Gari Oil Palm Cashew Groundnut od Pito' 
- 
Soap' Milling 0,, erall 
Machinery used 19.6 83 42.9 10.0 0 -0 93.9 36-1 
No accessible/ visible 100.0 0 33.3 00 0 38.7 51.1 
emergency controls 
Nfissing, safety equipment 100.0 100.0 000 0 90.3 85.1 
Dirty/poorly maintained 63.6 00 100.0 0 0 48.4 48.9 
Muýpjnejt 
'No mechanical equipment was used during pito and soap making 
Figure 11 Corn mill and engine in dirty, cramped conditions 
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Figure 12 Gari grater and engine. There is no guard over the vee-belt. Also note 
the gender roles in the use of the technology 
5.4.7 Case study- Occupational disorders at Asokwa gan co- 
operative 
Every respondent at the Asokwa Gari Co-operative in Kumasi complained of having 
suffered from musculoskeletal pain or discomfort from work over the past 12 months. 
The results for musculoskeletal pain or discomfort for each body part are presented in 
Table 43.92% of the women interviewed reported having suffered pain in the lower 
back and right shoulder in the last year. Almost 37% of the women reported that lower 
back pain prevented them from working with a mean absence from work of 6.43 days 
(SD=4.72). 
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Table 43 Women complaining of pain or dis comfort and absence from work (n=38) 
Incidence of pain or discomfort (%) 
Body part affected Caýt 12 Last 7 Resulting in Mean number SD 
months lost days of days lost 
Neck 76.3 52.6 13.2 3.6 1.95 
Left Shoulder 76.3 73.7 0 - - Left Elbow 13.2 10.5 0 - - Right Shoulder 92.1 89.5 5.3 5.5 2.12 
Right Elbow 18.4 18.4 0 - - Wrist/Hands 89.5 76.3 13.2 5.8 6.30 
Upper back 73.7 57.9 7.9 10.3 6.35 
Waist 92.1 76.3 36.8 6.4 4.72 
Hips/Thighs/Buttocks 71.1 57.9 5.3 10.5 4.95 
Knees 15.8 15.8 0 - - Ankle/feet 5.3 5.3 0 
Figure 13 presents the point prevalence of pain or discomfort at each body part 
according to the activity each woman was involved in at the time of questioning. Point 
prevalence of pain or discomfort for women involved in roasting was considerably 
greater than for those involved in peeling or other activities in all body parts except for 
the ankles/feet and right elbow. It is suggested that the reason for this difference is that 
the posture for roasting is more static and there is less opportunity to break from the 
work. The relatively high incidence of pain in the hips/ thighs/ and buttocks may be 
attributed to sitting on hard wooden stools for long periods of time. The introduction of 
foam cushions may help alleviate this pain. 
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Figure 13 Percentage of women reporting pain or discomfort at each body part at time of 
interview 
Most of the activities the women undertake involve repetitive hand motion, such as 
stirring and peeling. With cumulative overuse the risk of injury is increased, the results 
from the survey suggest that repetitive strain injuries may be a common problem with 
almost 90% of the women complaining of having suffered from pain or discomfort in 
the wrist or hands in the last 12 months. 
81.6% of the women reported having suffered from eye irritation in the last 12 months, 
with almost 45% suffering from it in the last 7 days (Table 44). The same number of 
women (81.6%) reported having suffered bums from roasting pans in the last year and 
sustaining knife injuries from peeling cassava. 31.6% had been burnt in the last week, 
whilst 36.8% had suffered from a knife injury. The high incidence rates of eye irritation 
and bums can be attributed to the roasting process, a smoke filled environment will be 
troublesome to the eyes whilst the stoves are designed so that bums can easily be 
sustained from the lip of the pan. Stirring gari for long periods of time is likely to cause 
fatigue, and given the high point prevalence of pain in the right arm, the risk of 
accidents is increased. 
73.7% of women reported having suffered from a fever that they thought was attributed 
to work. This is consistent with comments from gan producers in previous PRA 
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studies, where women have thought that the roasting gari often causes fever. It must be 
noted that farmers do not discern between malaria and other fevers, so the cause may be 
malarial. 
60% of women had suffered from a skin complain in the last year, this is consistent 
with results from Fajemilehin and Jinadu (1995) who suggested that skin problems 
(occupational dermatitis) may be a result of regular acidic chemical irritants from raw 
cassava. 
Table 44 Occupational disorders reported by women 
.. ....................... 
Incidence (0 
. 
ýO) 
.. ......................... ......... .................. Occupational Last 12 Last 7 Resulting Mean number SD 
disorder,,..., 
--, --, --- ------- --months, -., - -, --- 
days 
, ____ __in 
lost ds of days lost 
Eye irritation 81.6 44.7 13.2 5.4 4.8 
Knife injury 81.6 36.8 13.2 18.4 23.5 
Skin problem 60.5 18.4 2.6 3 0 
Burn 81.6 31.6 13.2 18.4 23.5 
Chest pain 63.2 23.7 18.4 10.6 9.4 
Fever from work 73.7 13.2 28.9 6.5 5.1 
Other 47.4 31.6 18.4 3.7 2.3 
In ranking the most laborious tasks, roasting came first, followed by de-watering (Table 
45). Roasting gari was undertaken using traditional stoves of a horse shoe shape 
fabricated from locally sourced clay. An aluminium pan rests over the stove, with wood 
fuel being fed under through the opening. Without a chimney, smoke escapes at the 
level the women work at and is the cause of pain and discomfort as discussed above. 
Attempts to improve the stove have included rectangular roasting pans, for two person 
operation, placed over purpose built stoves with a chimney, as described in Igbeka 
(1993). These require a large volume of gari to be processed to be effective; examples 
of where the rectangular stoves have not been accepted by gari producers include the 
co-operatives in Mesidan, Bambol and Subinsou. In these co-operatives, the women 
claimed that the roasting pans were not suitable for gari, complaining of the gari 
burning easily. 
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Table 45 Ranked relative laboriousness of activities in gari processing 
Activitv Total Score' Rank 
I ---- -------- Peeling 98 3 
De-watering 83 2 
Grating 151 4 
Roasting 48 1 
'5= most laborious, Heast laborious n=38 
The traditional method of de-watering cassava by placing a heavy stone on the bags had 
been superseded at Asokwa by screw presses. Sacks of grated cassava dough were piled 
up in the press. A heavy wooden plank was positioned across the pile of sacks, over 
two screws by two women. Large butterfly nuts were then twisted screwing down the 
plank and squeezing liquid out of the sacks. Steel pipes were used to increase the 
torque, however considerable force was required to turn the screws and involves quick, 
forceful sudden movements, moving around the press which given the often unclean 
and slippery floor surface is potentiality hazardous. 
The results suggest that occupational disorders are a common problem for women 
working in the Asokwa, gari co-operative ill-health with almost 14% of the women at 
Asokwa reporting having been unable to work because of ill-heath attributable to work. 
The present working environment was far from satisfactory,, the women finding the 
work uncomfortable and tiring. 
5.4.8 Technology transfer 
Of the 16 agroprocessing groups surveyed, technologies that replaced traditional 
processing activities were seen to have been introduced to nine of them (Table 46). The 
remaining seven either used traditional techniques or employed the services of an 
outside entrepreneur (i. e. taking raw produce to a customer service mill for milling). 
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Table 46 Technology transfer issues identified during semi-structured interviews with 16 groups 
, -.. 
F-actor-. c-o. nsider. e. d,. 
--.,,.. ------ 
(n=1.6) 
NGO support received 7 
New technologies introduced 9 
- That were provided by NGO 6 
-Examples encountered that had failed 6 
-That had technical shortcomings 5 
- That were perceived inappropriate by group 6 
- User dissatisfaction 5 
Maintenance schedule in place 2 
Designated person for maintenance 3 
Group aware of other technologies 5 
Machinery operated by group member 4 
Machinery operated by Employee 4 
Mill used 6 
New technologies had been introduced to all but one of the groups that received support 
from NGOs and examples of redundant technologies that had been introduced with the 
aim of increasing output and alleviating drudgery were encountered at all of these 
(Table 46). That is not to say that all technologies introduced by NGOs to these groups 
had failed, but they all had at least one technology that was not used. The results of the 
survey suggested three factors that were fairly consistently associated with the 
unsuccessful introduction of technology: 
Inapproi)riateness. Several groups visited had equipment lying idle because of 
either real or perceived inappropriateness. For example, rectangular pans for 
roasting gari that have been developed to replace the inefficient circular pans were 
rejected by women in Bamboi, Subinsou and Mesidan because of the perception that 
their use will have an adverse affect on the quality of the roasted Gari (Figure 14). 
2. Technical shortcomings. For example in Sikaa a gari grating machine was lying 
idle because of a broken drum and a lack of locally available spares to allow for its 
repair. 
3. User dissatisfaction. For example the visit to the Techiman Market Co-operative 
Groundnut Oil Producers and Marketing Society in Techiman revealed that although 
there was a technology which was more efficient at extracting oil from groundnuts , it 
was not accepted because of the effect it had on the taste of the product and the fact 
that it prevented them from obtaining "Kulikuli" a by-product which serves as an 
important saleable food additive. Furthermore, the introduction of a new "pounding' 
technology had failed on account of consumer preference for traditional methods 
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which are deemed to produce a more acceptable product; specifically the preference 
for fufu derived from the pounding of cassava in a mortar. 
It is doubtful if these failures of technology transfer would have occurred if a 
participatory approach had been adopted in their development. Indeed, many of the 
technologies encountered suffered from a number of critical ergonomics deficiencies 
that impact on the comfort, safety and performance of the technology and ultimately 
serve to limit their suitability for adoption. The introduction of in-house roasting ovens 
at Subinsou No. 2 and Mesidan has been a failure not only on account of inadequate 
ventilation but also the preference of the women to undertake most processing activities 
(peeling and roasting) around their homes. Other examples include gari processing 
equipment supplied to the Aworowa and Mesidan groups without appropriate anchor 
point or bolt holes stopping the considerable vibration to which most processing 
equipment is subjected to. The processing units were eventually secured by setting 
them in the concrete floor. Consequently, each time a particular unit needs to be taken 
away for repair, the concrete floor has to be broken. Examples of other design 
limitations include the Sasakawa Africa designed cassava grater and double screw press 
designed for use in rural areas. Whilst both processing units are described as 
"lightweight for mobility" and '(. moveable" respectively, in reality they cannot be 
transported any significant distance without the services of a truck or trailer. Other 
examples of major design shortcomings with processing technologies in use in the 
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region include the use of rivets (rather than bolts) for securing parts that need frequent 
replacement such as blades and grating drums, 
Although most processing activity is undertaken by women, the operation of engines 
and processing units such as com mills, cassava graters and most screw presses is 
undertaken by men because of the difficulty of operation. Thus visits to gan factories 
in Bamboi, Aworowa and Subinsou suggests that women were unable to operate the 
graters on account of the strength required. 
Boateng (1994) identifies the difficulty faced by women in the cranking of diesel 
engines as a major constraint to adoption of these technologies. The evidence on this 
point however is not conclusive. Out of eight male diesel engine operators interviewed 
in Wenchi and Techiman, three believed that women would be able to operate their 
machinery, two did not believe they could under any circumstances, two believed they 
could only do it when the engine was warm whilst one felt some women could but most 
would not be able to. Moreover, it is significant that although the women at Subinsou 
No. I had been supplied with a smaller diesel engine and had received training in its 
operation, a male operator was still employed. 
To overcome the problem perceived with cranked diesel engines, a number of petrol 
rip-cord operated engines have been introduced into the Brong Ahafo region. Although 
more lightweight and portable, these engines are probably even more inappropriate to 
the needs of rural processors because of the incorporation of a vee-belt (rather than a 
flat belt which is easily replaced) and their possession of a greater number of moving 
parts. In general, the greater the number of moving parts in an engine or processing 
unit, the more likely adoption will fail. Furthermore, the difficulty of storing petrol in 
rural areas where naked lights are often used for lighting purposes is another significant 
limitation to the use of these engines. 
Many of the groups who had been supplied with technologies had received support 
following the installation of the technology. With few complaints from end users, most 
of the manufacturers of technologies considered users to be satisfied with their 
products. The evidence from the surveys of users however suggest that this is not the 
case. Dissatisfaction was common (Table 46), with a perception of futility in following 
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up complaints to manufacturers. For example, one group visited claimed that despite 
numerous trips to the supplier to complain about recently installed equipment that had 
failed, the supplier had yet to address the problem. 
A number of the processing groups that had received technologies indicated that they 
had received little or no training in the use and operation of the technologies that had 
been installed. Training that was provided was generally verbal instructions at the time 
of installation of the technology. Whilst a number of manufacturers stated that initial 
training was given in basic operation and maintenance, most were only willing to do so 
on receipt of an additional fee to cover transport costs to reach the often inaccessible 
rural communities. Hence whilst the equipment in the customer service mills was 
generally well maintained, group owned equipment was more likely to fail because of 
an absence of maintenance schedules and group members having little familiarity or 
understanding of the technologies involved. 
5.5 Discussion 
Human factors are rarely considered in processing activities; drudgery and discomfort 
being perceived as an integral part of the process. However there are many activities 
which present potential hazards to health. Many of these were associated with upper 
extremity risk factors (Keyserling et al., 1993). For example, 70% of all agroprocessing 
tasks were considered to involve repetitive motions which are considered amongst the 
most common causative factors of CTI)s (Pheasant 199 1). Other work postures 
associated with the development of CTI)s such as wrist deviation (Keyersling et al., 
1993) were also common (80% of all tasks). Indeed in the case study at Asokwa gari 
co-operative, more than 76% of gari processors complained of pain or discomfort in the 
wrist or hands. 
The high reporting of repetitive use of the hands can be attributed to almost all agro- 
processing tasks being manual and of a hand intensive nature. In most tasks the hands 
were directly in contact with the raw produce (e. g. washing raw produce, spreading 
produce on the floor to dry (Figure 15), and kneading groundnut paste) or using 
handtools. The later often being unsuitable for the task and more suitable tools were 
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not available; e. g. cutting with cutlasses rather than knives (unbalanced tool- 233.1%, 
badly sized handle- 32.7%. wrist deviation- 69.2%) or constrained by the matenals of 
construction (e. g. stirring gari and groundnuts (tool becomes hot- 34.6%). 
4- 
tc1 . -. - -'! 
Repetitive motions however were not confined to 'manual' tasks. Mechanised 
technologies also involved repetitive motions such as in feeding raw produce into 
commills (72.7%) often with the finger being used to push materials into the grinding 
apparatus, presenting risk of injury as well as CTDs. Forceful, sudden motions which 
can produce significant stresses were involved in some manual tasks (e. g. Figure 16). 
Such motions however were particularly associated with mechanical technologies, such 
as pulling the rip cord to start diesel engines and operating screw presses. 
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Poor working postures were common, with more than 70% of all activities involving 
forward bending. Working with a stooped posture increases the risk of back injury 
(Pheasant, 1991) and increases energy consumption by 50-60% (Grandjean, 1988). It 
can therefore be considered inefficient and undesirable. However the stooping posture 
appears to be favoured by many people. Anecdotal evidence suggests that most rural 
Ghanaians bend at the trunk rather than bend the knees when carrying out activities at 
floor level (e. g. sweeping, washing clothes). Sustained static contraction of the muscles 
was observed in 43.8% of all tasks. This was particularly prominent in tasks involving 
sitting on low seats without back support such as roasting gari (Table 47). 
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Figure 16 Traditional pounding of palm oil fruit to extract palm oil 
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Table 47 Sustained static load and bodily pains associated with sitting postures during 
agroprocessing (adapted from Grandjean, 1988) 
Sitting posture Possible consequences affectiýg Tasks 
Seat too low Shoulder and neck o Prenaring fniitq tiiher. q -- -r- --, = - ----7 --- -- - 
Roasting/frying 
Peeling cashew 
Sitting without back support 
Trunk curved forward 
Extensor muscles of the back " Preparing fi-ults, tubers 
" Roasting/frying 
" Peeling cashew 
" Operating com-mill 
" As above Lumber region; deterioration of 
invertebral discs 
Arms outstretched sideways Shoulders and upper arm Roasting/fiying 
or forwards 
55.4% of all agroprocessing tasks were undertaken in odifourous, dusty and smoky 
envirom-nents. Gari and groundnut oil production both Involve the roasting or frying of 
the produce over open fire stoves that generate much smoke. The women sit adjacent 
to circular round-bottomed cast aluminium pans and constantly stir the produce with a 
calabash 'spoon' to prevent burning. The smoke irritates the eyes and may contribute to 
upper respiratory problems. The fuels used are either wood waste (scrap wood or saw 
dust) or charcoal. Charcoal however is the preferred (but more expensive) cooking fuel 
as it generates considerably less smoke than wood waste. The stoves that are currently 
used are inefficient in terms of fuel consumption and produce much smoke. Improved 
stoves have been found to use 40 per cent less fuel than the traditional tripod stove and 
reduce smoke by up to 60 per cent (Abbott et aL, 1996). Such stoves result in 
improvements to the health and well-being of stove users. During the survey however, 
all agroprocessors were seen to use traditional stoves, predominantly the traditional clay 
three stone or 'tripod' stove. 
The impact on human health from traditional cooking technologies is often overlooked. 
Schwela (1997) cites World Health Organisation figures that suggest that approximately 
2,500 million people in the world are exposed to excessive levels of indoor air 
pollution, largely due to burning biomass and coal indoors, in ovens that are badly 
designed and lack proper chimneys. An estimated 1.9 million extra deaths in rural 
communities and an extra 450,000 deaths in urban communities may be attributed to 
indoor pollution. Specific health effects that have been identified from biomass heat 
and smoke include acute respiratory infections in children, adverse pregnancy 
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outcomes, chronic obstructive pulmonary disease, cor pulmonale and cancer (WHO 
1992). 
Where machinery is housed it is important to ensure adequate ventilation. Hoývever 
72.7% of milling tasks were carried out in buildings with inadequate ventilation. 
Whilst little research has been carried out into the occupational hazards of maize 
processing, Uragoda (1992) suggests that vegetable dusts can be pathogenic to the 
respiratory system and the cause of 'farmers lung'. Grain dust which is pathogenic 
includes maize and millet (Rainbird & O'Neill, 1993). There is no evidence whether 
cassava dust is pathogenic or inert. Many of the mills visited were very dusty. Several 
operators said they would wear face masks if they were provided with some using 
improvised protective equipment included wearing handkerchiefs over the mouth and 
nose and placing a rug over the mill's output to reduce dustiness. 
Where tasks involved the use of machinery 85.1% were carried out without safety 
equipment being available. Predominantly this was related to vee-belt driven 
equipment, with the belt not being encased in protective housing (Figure 12). In 
addition to the risk of entrapment of clothing and body parts in moving machinery, belts 
regularly slip or snap causing additional risks. Milling workplaces were generally made 
more hazardous by uneven, or obstructed walkways (57.6% of all milling tasks). 
Other agroprocessing tasks undertaken in uneven, slippery or obstructed areas were 
those involving pressing liquids using screw presses (gari and oil palm). The area 
around screw-presses for de-watering gari were frequently uneven and slippery, 
presenting the risk of falls, particularly where there was no facility for trapping the 
effluent (Figure 17). 
110 
5. Human Factors in Agroprocessing 
5.5.1 Macro ergonomics 
From the checklist survey, ergonomics hazards were identified in post harvest agro- 
processing systems. Improved technologies are often seen as a method of improving the 
quality of life of people involved in agro-processing, but anecdotal evidence from this 
survey suggests that these are often unsuccessful or present new ergonomics problems. 
For example, replacing pounding which presents the risk of suffering upper extremity 
stresses and injuries, with mechanised mills introduced new risks of injury due to 
unprotected moving parts and inhalation of vegetable dusts produced during the milling 
process because of poor ventilation in the workplace. It is clear that such micro- 
ergonomics factors should be considered when introducing new technologies to rural 
communities,, however to disregard macro-ergonomics is also likely to result in the 
agroprocessing system failing to reach its desired goals. 
5.5.1.1 Culture and Gender 
It was earlier proposed that in transferring technology, the culture of the target 
population should be considered. This is not only between cultures of different 
Figure 17 The "shop floor" at a gari co-operative 
countries, but also within countries as well. Within Ghana there exist numerous ethnic 
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groups whose customs and culture are distinct and may be an important factor in the 
adoption of processor technology. For example, according to Scott (1996) different 
groups within society have different technological capabilities and different sets of 
knowledge and information. Ethnicity may be a factor in choice of process or 
technology. It has been suggested that Dagarti women are more involved in food 
processing than Akan women, if only because they spend much less time farming 
(Winter, 1997). Indeed certain processing skills were unique to particular ethnic 
groups, for example pito brewing and groundnut oil processing were specifically 
undertaken by women from Dagarti's and Dagomba's. Use of technology however did 
not seem to be related to ethnicity, of the Twelve customer service mills visited, only 
four were owned and operated by Northerners. It would appear that other 
considerations such as gender divisions of labour are more important factors in the 
uptake of technologies. 
Amongst the communities visited there appears to be a strong division of labour along 
ethnic lines. For example, food processing assumes particular importance for rural 
women as an independent source of income (Warner et aL, 1997). Some activities are 
particularly associated with gender, for example, from responses during discussions 
with both male and female farmers in Krobo and Ntwiasu,, soap processing was seen to 
bewomen'swork. Similarly cassava chipping has been traditionally seen as a job for 
women. However in both instances,, where mechanisation has been introduced or 
considerable profits seen to be made, the gender divisions break down. Hence the male 
dominance in a soap making factory in Akrobi and the predominance of males chipping 
cassava for the export market. 
All the women's groups using engines employed males to operate them, all but one of 
the customer service mills were owned by males and all were operated by them. The 
idea that machinery was a males preserve is ftirther advanced by five out of eight 
women engaged in processing maize who indicated a willingness to own a mill yet said 
that they would employ a man to operate it. Given this male dominance in the use of 
machinery, technologies are more likely to be rejected by women if they fear losing 
control of their independence over the process in which they are involved. 
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5.5.1.2 Infrastructure 
The success of a process or technology will depend very much on the levels of 
infrastructural development in the region in which it is being promoted. For example, 
whilst electricity is becoming available to an increasing number of rural communities, 
the power supply is generally single phase. The ability to power motors of sufficient 
size to drive agro-processing machinery however depends upon a three-phase supply. In 
such instances, other power sources will be required. 
As with electricity, a convenient source of water or firewood cannot always be 
guaranteed. Water scarcity is a key consideration with the introduction of new 
processes or technologies. Most new technologies require an increase in water 
utilisation, with water being critical to most agro-processes. This is particularly the 
case with gari processing which requires water to wash the roots and for rinsing 
machinery afterwards. Fourteen per cent of Ghanaians spend an average of at least one 
hour every day fetching water (GSS, 1995). Like most women,, for those processing 
gari in Sikaa and Amposakrom this involved head-loading pans of water from 
considerable distance over difficult terrain. Where diesel water-cooled engines have 
been introduced, two fifty gallon water drums are required which need regular 
replenishment, providing a new source of drudgery, the burden of which will fall on 
women. Whilst an alternative to water hungry diesel engines may be air cooled petrol 
engines, petrol was considered too flammable and generally feared by those questioned 
to be too dangerous for use in structures with grass roofs, which predominated in the 
communities visited. 
Six per cent of the Ghanaian population spend at least one hour per day collecting 
firewood, with the burden falling on women (GSS 1995). In Brong Ahafo firewood is 
becoming increasingly scarce as a result of changing farming and forestry practices 
such as charcoal production. Many agro-processes require a source of heat that is 
usually provided by burning wood, placing further pressure on diminishing cooking 
energy resources. Agroprocessors in Subinsou No. 1, Subinsou No. 2, Sikaa,, Aworowa 
and Bambol all expressed concern about the increasing cost of firewood due to 
increased scarcity. 
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Critical to the success of a particular technology will be the availability of spare parts 
and repair facilities. Some parts used in processing equipment require frequent repair 
or replacement; for example grinding plates on com mills need frequent sharpening 
(Table 48). This is usually undertaken at the local blacksmith, however facilities for 
this are not available in every community. Even in the major towns such as Techiman, 
Sunyani and Wenchi, artisans did not have access to precision machinery to carry out 
repairs on more complex machinery. 
Table 48 Common problems identified and frequency of parts replaced by 12 Customer Service Mill 
operators in Techiman and Wenchi districts 
Respondent Common Problem Parts Replaced Regularly Frequency of Parts 
Replacement 
--- Gershon Dogbe Wom bearings & Plates Bearings Monthly 
(Wenchi Town) Grinding Plates Weekly 
Patrick Darko Inadequate lubrication Bearings 6 months 
(Wenchi Town) Grinding Plates 4 days 
Kwaku Kyeli Blown engine - owing to Bearings 6-8 months 
(Wenchi Town) age Grinding Plates 3-7 days 
Christopher Amuzu Blown engine - owing to Bearings 12 months 
(Wenchi Town) unstable voltage supply Grinding Plates 2-7 days 
Ataa Knyaure Blown engine Bearings 3 months 
(Amposakrom) Grinding Plates Weekly 
Augustine Naa Rings & Gasket Bearings 6 months 
(Amposakrom) Grinding Plates Fortnightly 
Stephen Dari Snapped Belts Bearings N/A 
(Amposakrom) Grinding Plates Monthly 
Peter Amponsah None - but cover motor None N/A 
(Akrofrom) to prevent electrical 
shocks. 
Amayaw Kwake Engine Bearings 4 months 
(Akrofrom) Grinding Plates Monthly 
Wilson Attuh N/A Bearings Yearly 
(Subinsou No. 2) Grinding Plates Fortnightly 
Amýidoh Sissala Loose head gasket Bearings N/A 
(Subinso No. 1) Grinding Plates 3-4 weeks 
Kwaku Donko Rings & Crankshaft Bearings N/A 
S! Lbinsio No. 1, ),, 2! j2dinjPlates FortTýBhtly 
Spare parts for imported machinery in BA were limited, processors having to travel to 
Kumasi (170 Km away) for major spares, even if the equipment was provided by a more 
local supplier. Spares for most of the popular 8hp diesel engines (Indian made engines 
such as Lister; Nulux; Agro; Indo; Rex and Raja) are interchangeable and relatively 
cheap, however several engines observed were of a different design, resulting in 
increased cost of spares, a piston for the common engines cost 040,000 whilst one for a 
Kilostor cost 0 120,000. 
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Sourcing of spare parts is harder for locally fabricated machines given the lack of 
standardisation, however these machines are generally simpler in their construction and 
thus easier to repair. For example, raspers in cassava grating machines are fabricated 
from scrap car body parts using a nail and hammer to perforate the plate which is 
welded onto a drum. 
It is not unusual for machinery to be in-operative for long periods of time resulting in 
not insignificant costs to the owner/ operator of the machinery. For example, a petrol 
engine for a gari grating machine owned by an NGO supervised co-operative in 
Offuman was out of action for several months being sent to Accra for repairs as spares 
and technical know-how to effect its repair were lacking in the area. Access to repair 
facilities is thus an important consideration with most major repairs or modifications 
undertaken in the major towns. Transporting machinery will invariably be difficult and 
expensive. In many rural communities transport is limited with some villages being 
served by just a handful of taxis travelling to the major town each day. 
In summary, too often the presence of adequate infrastructure (power, water, spares and 
repairs facilities) is frequently overlooked. The outcome of this is often inappropriate 
and almost unserviceable equipment being supplied to remote communities resulting in 
a failure of the transferred technology. 
5.5.1.3 Organisation 
Group based organisations are increasingly being seen as a way of organising rural 
enterprise. Numerous groups have thus been set up in the Brong Ahafo region 
undertaking various agroprocessing activities, of which gan processing predominates. 
In Ghana, and particularly in Akan communities, there exists a culture of private 
ownership and enterprise. Apart from unpaid communal Co-operatives such as 
religious groups, Nnoboa groups (labour saving groups formed for specific agricultural 
activities such as land clearing and mound making) and funeral societies, co-operatives 
are more the exception than the norm. It is not therefore surprising to find that many of 
these group initiatives which have been supported by development agencies have failed 
(Akintade, 1997). 
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Three examples of failed co-operatives visited during the survey were gan co-operatives 
at Bamboi, Mesidan and Subinsou No. 1. From semi-structured inteniews Nýith these 
groups it was apparent that in all these cases they had been wholly dependent upon 
NGOs for financial and technical support. Responses from the participants revealed 
that these groups lacked leadership and that there was no vision outside that of the 
NGO. The women claimed that machinery had been provided with no consultation, and 
indeed none of the women questioned in these groups (n=23) were aware of other 
technologies besides those provided. None of these women had been trained in the 
operation of the technologies. There was no maintenance schedule for the equipment 
provided and no designated person responsible for servicing. Consequently when items 
of machinery had broken down they were left inoperational and the women had reverted 
to their traditional processes. The evidence for this was observed duning the walk 
through the processing sites at Bambol, Mesidan and Subinso No. I with idle equipment 
lying redundant because they did not work. Indeed the observations made at Bamboi5 
Mesidan and Subinsou No. I were common throughout all the NGO supported groups 
visited, with technology provided by donors laying idle and members reverting to the 
laborious activities that the technology was introduced to replace. 
In contrast to Bamboi,, Mesidan and Subinsou No. 1, Salasif Oil Mills had been 
considered a successful group by Akintade, (1997). During the group interview at 
Salasif Oil palm mill it was made clear from answers to questions on ownership/ 
control and management of the enterprise, that the group had a strong female leader, 
were independent and were committed to their venture. In selecting their technologies, 
they were aware of the market and had a good knowledge of processing equipment. 
Inspection of the machinery during the walk through showed the equipment to be well 
maintained, bearing out the interview response that a maintenance schedule was in 
place and regular servicing was undertaken. Furthermore, it was claimed that all group 
members were trained in the operation of the machinery. It can thus be seen that the 
organisation of the group within which a process or technology is transferred must 
be 
considered. As Akintade (1997) states 'NGOs and donors should avoid programmes 
which seek to promote the wholesale involvement of groups in agroprocessing 
enterprise . 
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5.5.1.4 Climate 
The choice of agro-processing will be influenced to a large part according to the 
climatic conditions within which it will be undertaken. The availability of crops to 
process will depend upon climate which varies considerably, not just through the 
country but between regions as well. For example Subinsou No. I and Subinsou No. 2 
are a little more than a kilometre apart but seasonal calendars from these communities 
reveal variations between the agro-climatic conditions with different crops being grown 
and times for planting and harvesting for each (Appendix 16). In Subinsou No. 1, gari 
is the predominant crop, whilst it barely features in Subinsou No. 2. The success of 
agroprocessing, and by extension the technology promoted, will thus often be dependent 
upon consideration of climatic conditions. 
5.5.2 Validity of study 
In order to check the validity of their checklist, Keyersling et aL, (1993) compared 
checklist responses with expert analysis, finding reasonable agreement between the two 
with the checklist giving a slight bias to 'false positive' responses. Given its aim of 
being a screening tool this was considered acceptable. As many of the questions in the 
checklist developed for this survey, a similar outcome may be expected. Indeed greater 
validity may be expected as it was used by an 'expert'. Unfortunately the schedule of 
the work in which the survey was used precluded a pilot study being undertaken, or 
validation against established ergonomics auditing methods, such as ISO 7243, NIOSH 
lifting equation (NIOSH 1981, Waters et aL, 1993) OWAS (Corlett, 1995), TILVs 
(ACGIH, 1989). The choice of other questions in the checklist may not represent the 
'best' possible. Being developed in the field it was not possible to refer to a broader 
selection of checklist references. 
The checklist did not include questions on chemical use, resulting in the failure to pick 
up on such hazards as pesticides misuse. Indeed with soap processing, chemicals were 
used with inappropriate protective equipment (thin plastic bags were used in handling 
caustic soda and a number of women showed bums on their hands). Furthermore 
questions were included that had no relevance to working practices in rural tropical 
agriculture such as those pertaining to vibration from handtools. 
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5.5.3 Summary 
This present study has demonstrated that most agroprocessing tasks expose the worker 
to ergonomics hazards. Primarily these hazards may affect workers through cumulative 
exposure (e. g. repetitive flexion and extension of the hand aggravating musculoskeletal 
disorders such as Tenosynovitis) or from a sudden movement. Ergonomics hazards may 
also increase the risk of accidental injury (e. g. back injury from sudden lifting). 
Agroproceessing may be considered a hazardous occupation. Indeed a study briefly 
described here, found that all women questioned at a gari processing plant had suffered 
from musculoskeletal pain or discomfort during the preceding year. 
Many aid organisations in the area surveyed have focused upon agroprocessing. With 
few exceptions, the approach has been one of group formation and technology transfer. 
From this survey it was suggested that technologies that may avoid certain ergonomics 
hazards often introduce new problems that may have been foreseen if a participative 
ergonomics approach had been adopted. Furthermore, a number of macro-ergonomics 
constraints to the successful implementation of transferred technologies were identified. 
As well as strong cultural influences attached to certain agro-processes, gender plays an 
important role in many agroprocessing activities. From the survey it was apparent that 
the strategy of introducing new technologies into rural communities that are aimed at 
particular sections of the population such as women is fundamentally flawed, 
particularly where social processes discourage that particular section of the population 
from using such technologies. For example, evidence from this survey suggested that 
the introduction of any form of motorisation or mechanisation invariably leads to the 
loss of direct control by women of these technologies and, by extension, the processing 
activity itself. It was also apparent that the infrastructure is often incapable of 
supporting transferred technologies, such as was illustrated with spare parts being 
unavailable to undertake repairs. Finally, the organisation within which technology is 
introduced is often unsuitable for managing it, particularly where illiteracy results in 
inadequate training. 
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5.6 Conclusions 
Q Many agroprocessing tasks expose the worker to ergonomics hazards. 
Micro ergonomics hazards were predominantly associated with tasks that Involved 
uncomfortable postures, (often static and/or asymmetrical) such as in roasting gan 
and cracking oil palm fruit; repetitive motions such as in kneading groundnut oil and 
pounding raw materials; manual handling such as in carrying and pressing raw 
produce; stressful environments in terms of heat, odour and smoke and poorly 
designed hand tools that require continuous wrist deviation such as inappropriate 
cutting and cooking tools. 
Macro ergonomics hazards were predominantly associated with the transfer of 
technologies, particularly in the inappropriateness of the technology (in terms of user 
requirements and gender issues), and in its technical shortcomings (in terms of its 
selection, maintenance, safety equipment and ongoing management). 
U There is a need to encourage a more participatory approach to technology 
development. 
U Where technologies are intended for use by women, closer attention needs to be paid 
to the specific needs of women in terms of the operation of the technology, (such as 
physical ability to operate it and the gender roles associated with the technology). 
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6. Investigation into heat stress on 
the farm 
6.1 Aims 
This chapter presents a study that investigated farmers behaviour when working in high 
ambient temperatures The aims were: 
1. Identify whether heat stress is an occupational health problem that is suffered by 
agricultural workers in Ghana, 
2. Investigate behavioural strategies that may be employed to cope with working in the 
heat 
3. Determine whether international standards that predict safe working practices in hot 
environments are appropriate for Ghanaian farmers. 
6.2 Introduction 
The human being is able to withstand great variations in temperature. If a body is 
subjected to unfavourable thermal conditions it will respond by changing its state to 
maintain thermal balance, with a core body temperature within an optimum range 
(around 37'C). This is possible by behavioural and physiological means, the former 
including donning and doffing clothes whilst the latter consists of involuntary body 
responses such as sweating and shivering. These responses allow the body to remain in 
heat balance, thus heat produced by the body is equal to heat loss to the environment. 
In the heat, if the heat balance is lost, heat storage will increase. If this increase 
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becomes excessive, problems can occur, performance %vill deteriorate, and in the case 
of excessive heat stress, such temperature increases can lead to heat stroke and 
ultimately death. 
6.2.1 Heat Stress 
When there is an increase in the heat stress, (air temperature,, radiant temperature) 
relative humidity, activity, and clothing), the body responds with two thermoregulatory 
mechanisms in order to increase heat loss or reduce heat gain. The first process is 
vasodilatation; blood vessels of the skin dilate allowing blood from the warmer core to 
reach the body surface for cooling by radiation and/or convection. If this is insufficient 
to cool the body, sweating occurs and heat is lost by evaporation. If these two 
mechanisms cannot cope, the core temperature will rise. In the working environment 
this can be illustrated in the model shown below, (Figure 18). 
Prescriptive Zone Environmentally 
Driven Zone 
Cu 
U) 
Cu 
a) Rate Heart 
Core Temperature 
Environmental Heat Stress 
Figure 18 Model illustrating the effects of hot environments on heat stress (From WHO, 1969) 
There are two basic areas, the prescriptive zone and the environmentally driven zone 
(WHO 1969). In the prescriptive zone, heat balance is maintained, the core temperature 
remains relatively unchanged as the body is cooled by the increasing sweat rate. 
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Towards the upper end of the prescriptive zone and in the environmentally driven zone, 
the body cannot maintain heat balance. The environmental heat stress causes the core 
temperature to rise due to heat storage within the body. Large sweat losses reduce the 
body's water content and dehydration can occur. With profuse sweating salt is lost, 
heat exhaustion is likely, symptoms including fatigue, headaches and nausea. If the salt 
is not replaced and copious amounts of water are consumed, heat cramps can occur as 
electrolytes are diluted. This allows water to enter the muscles causing spasms. If 
water is not replaced the thermoregulatory effectiveness is lowered and sweating 
decreases; with excessive over-heating it stops almost altogether. If cooling does not 
take place and the rising temperature (42'-43'C) is not controlled quickly, brain 
damage can result, the cardiovascular system can collapse and the person can die, 
(Figure 19). 
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Heat Stress 
Radiation & Convection 
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Nam 
Figure 19 Diagrammatic Representation of Heat Stress; it is assumed that excessive 
clothing is not worn. Adapted from Parsons (1993) 
6.2.2 Heat stress in tropical agriculture 
In agriculture, the thermal conditions under which work is carried out will depend very 
much upon the natural environment. In 1DCs agricultural work is typically conducted 
in open spaces where the climatic conditions vary from extremes of temperature, 
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humidity, altitude and solar radiation (Jafry, 1998). Farmers therefore must often work 
in thermally stressful conditions with air temperature, solar radiation, and humidity all 
being high. This will be particularly so in the hot season when excessive thermal stress 
may be expected. 
Available literature shows that little research has been conducted into the effects of heat 
on the human thermoregulatory system when working in tropical agriculture. Studies 
investigating heat stress in IDCs have predominantly been concerned with organ'sed 
industrial work, Thailand (e. g. in Indonesia- Soemarna, 1987,; Thailand- Yunibhand et 
al, 1991; Tanzania- Kahkonen, 1994; and Tunisia- Akrout et al., 1996). Systematic 
studies on the effects of heat on working populations in India are limited (Nag, 1996). 
Heat stress in agricultural work was considered in East Africa by Hall (1971). Using 
P4SR calculations (Leithead and Lind, 1964) Hall found heat stress for heavy work 
(such as 'bringing marginal land into use and cultivating certain crops') was likely in 90 
per cent of days during the hottest month and 77 per cent of days in the coolest month. 
Hall (1971) noted that although the hottest periods of the day usually coincided with a 
midday rest period, there were still significant periods of 3 hours or more where 
environmental conditions remained above tolerable limits. The peak farming season in 
many African countries corresponds to the driest part of the year with daily air 
temperature ranging from 281C to 34'C posing physiological stress, making the farmers 
more fatigued, less productive and more susceptible to infection (Nkurlu, 1987). 
During the survey of occupational disorders amongst Ghanaian farmers (Chapter 4), it 
was suggested that heat stress and heat related illnesses may be a problem, accounting 
for many of the 'fevers' attributed to work. The present study aims to explore this 
further, investigating the effects of heat on a sample of Ghanaian farmers working 
outdoors undertaking a task that farmers had complained of being laborious and 
stressfut, that of making yam mounds. 
6.2.3 Yam mounds 
Yams are a typical west African starch staple crop which is cultivated in much of west 
Africa. They demand loose, free draining fertile soils in which they can grow with little 
hindrance. They are therefore planted in conical mounds. Using a short handled hoe, in 
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a stooping posture the farmer loosens the top soil and scoops it up into mounds between 
his legs approximately 0-5m high. Onwueme (1978) suggests that planting in mounds is 
beneficial for high yields of yams because the fertile top soil is collected into heaps 
allowing the tuber to grow in soil that is rich in organic matter whereas in unmounded 
soil only the top few centimetres have such fertility. After planting propagated yams, 
mounds are capped with mulch that protects the sprouting yams from heat and reduces 
evaporation thus ensuring adequate soil moisture retention (Akinyosoye, 1976). 
Mounding is a labour intensive and time consuming activity that is not mechanisable 
(Onwueme, 1978). 
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Yam mound making is usually carried out at the end of the rainy season and beginning 
of the dry season, corresponding to around mid-December to mid-January. Timing is 
critical; if done too early heavy rains are likely to wash them away, if done too late the 
soil will be too hard to work. At this time of year, ambient temperatures are beginning 
to rise (Table 49). 
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Figure 20 Making yam mound with short handled hoe 
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Table 49 Mean, maximum and minimum air temperature in Wenchi district (Source: Wenchi 
District Meteorological Office) 
_Jan _Feb. _ _. 
Mar, Feb a Jun Jul Aug Se t qp Oct Nov 
Mean Max 325 34.3 33.7 32.5 31.4 30.1 28.2 28.0 28.7 29.7 30.6 '0.8 
Mean min 19.9 22.0 22.2 22.3 22.3 21.9 21.4 21.0 20.9 20.8 20.9 19.8 
Mean 26.2 28.2 28.0 27.4 26.4 26.7 26.7 24.6 24.8 25.3 
_ 
25.6 251 
When the air temperature is high, combined with high levels of solar radiatioril the 
strain on the human thermoregulatory system will be considerable. Heat stress and its 
related illnesses and disorders therefore may be a potential problem. The timing, speed 
and type of activities that are undertaken by the farmer depend upon the season. 
Preston (1979) suggests that the productivity of subsistence agriculture in terms of area 
of land tilled per farmer could be considerably increased if the stress from high 
temperatures and radiation could be reduced. 
It may be assumed that farmers will adapt their behaviour to lessen the effects of heat 
stress, by such mechanisms as doffing clothes, pacing work, taking frequent breaks and 
maintaining hydration. This study aimed to assess farmers behaviour when working in 
high ambient temperatures, to identify whether heat stress is an occupational health 
problem that is suffered by agricultural workers in Ghana and whether international 
standards that predict safe working practices in hot environments are appropriate for 
Ghanaian farmers. The agricultural task chosen was digging yam mounds. 
In summary, the study aims to address the following questions: 
U Do farmers suffer from heat stress whilst working? 
1: 3 What behaviour do farmers adopt in order to 'keep cool'? 
Q Are international standards that predict safe working practices in hot envirom-nents 
appropriate for Ghanaian farmers? 
6.3 Methodology 
The study was conducted in the Wenchi district over an eleven day period 
between 9 
and 20 December 1997 with the participation of ten farmers (Table 50). 
They 
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represented an opportunity sample from the Zongo area of Wenchi. All but tNvo N". -orked 
on their own farms. Farmers 2 and 8 worked for a landlord and were paid according to 
a work quota. 
Table 50 Details of subjects who participated in investigation 
Subject Age Height Weight 
(mm) 
__(Kgý_ 25 1585 69 
2 35 1754 72.5 
3 501 1651 53.5 
4 25 1572 52 
5 31 1650 60 
6 20 1650 52 
7 22 1744 65.5 
8 33 1694 51 
9 20 1650 51 
10 25 1690 62.5 
Mean 28.6 1664 58.9 
SD 9.2 59.2 8.1 
'Subject 3 was unsure of his age 
6.4 Environmental measurements 
Air temperature (ta) was measured using a Grant CT-U-V3- 1. Humidity (RH)was 
measured using a Vasisala VH-L humidity probe. Vapour pressure (p,, ) was calculated 
using Antoine's equation. Mean radiant temperature (t, ) was measured using a black 
globe (Grant AG-U-V2-1, diameter 0.05m), being calculated from t9 using the 
appropriate formula corrected for the smaller globe size (Parsons, 1993). All were 
recorded using a Grant Squirrel SQ32-3U/IL at one minute intervals. Air velocity (v) 
was estimated using the Beaufort Scale from observations of envirom-nental conditions 
(Table 5 1) taken at ten minute intervals. 
Table 51 Beaufort Wind Strength Scale 
Beaufort Number Range (m/s) Description 
0 0-0.28 Calm: Still: Smoke will rise vertically 
1 0.28-1.39 Light Air: Rising smoke drifts, weather vane is inactive 
2 1.39-3.06 Light Breeze: Leaves rustle, can feel wind on your face, weather vane 
is inactive. 
3 3.06-5.28 Gentle Breeze: Leaves and twigs move around. Light weight flags 
extend. 
4 5.28-8.06 Moderate Breeze: Moves thin branches, raises dust and paper. 
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Wet bulb temperature (t,,, b) was estimated from Pa, t,, and v using a formula provided by 
Malchaire (1999). As the globe temperature was measured using a non-specificati on 
globe it was necessary to correct globe temperature. From the following formula 
presented in Kerslake (1972) the temperature of a 150mm. globe was calculated from 
the 50mm globe: 
tg = (hr t,, + hg. t,, )Ihg + hg 
Where: 
hrg=6.6 
hcg=0.33K. Va 
0.6d0.4 
d=globe diameter 
WBGT' was calculated according to the ISO 7243 formula: 
WBGT=O. 7t,, b+0.2tg+O. lt, 
The calculations used in the heat stress indices, ISO 7243 and ISO 7933,. to give 
reference values to assess the thermal conditions presumed that all subjects were 
acclimatised, all having spent the whole of their working lives In agriculture In this 
region. 
6.4.1 Physiologkal measurements 
Oral temperature was taken with a mercury-in-glass thermometer placed under the 
tongue for four minutes. Readings were taken before work commenced and after work. 
It was anticipated that sweat loss would be calculated from body mass loss, subjects 
being weighed before and after work using A&D precision Scales however due to the 
uneven floor surface on the farms it was not possible to take accurate measurements of 
weight. 
Heart rate was monitored using Polar sports testers. They were attached around the 
sub . ects chest at the farmstead when resting heart rate was taken. Recordings were j 
' ISO heat stress indices, WBGT (ISO 7243; 1989) and ISO 7933 (1989) are discussed in detail in the 
following chapter 
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made at one minute intervals throughout the work undertaken. Heart rates were 
expressed as a percentage of effective heart rate range (Rodahl, 1989), i. e. calculated 
from resting heart rate and estimated maximum heart rate (220-age). 
Metabolic rate was estimated from heart rate (Grandjean, 1988) and tables presented in 
IS07243. 
6.5 Observing farmers' behaviour 
Two local research assistants, recent graduates of Wenchi Farm Institute were employed 
for the duration of the study. They were trained in observational techniques and had a 
full understanding of the research requirements. One research assistant was designated 
to observe the subject working. He recorded a description of the subjects behaviour and 
the time it was observed. The other research assistant took measurements. The author 
supervised the research, also observing the subject and giving guidance where 
necessary. A comparison of the observations made by the two researchers showed a 
high degree of inter-observer reliability. The behaviour of the subject was continuously 
monitored, with the principal behaviours investigated being as follows: 
U Removal of clothing 
U Time not working and reason (e. g. drinking, resting-in or out of shade) 
U Signs of profuse sweating (i. e. subject wipes his brow) 
U Signs of physical discomfort (i. e. facial/ verbal expressions, brief interruptions) 
6.6 Soil conditions 
Soil resistance was measured by dropping a sharpened steel rod from a constant height 
of I in at 30 different locations where the subject was working. The depth of 
penetration was recorded and a mean measurement taken. 
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6.7 Performance 
The total number of mounds made was counted and divided by the net working time to 
give an indication of productivity in terms of mounds made per minute. In addItion, 
every ten minutes the number of hoe strokes made in one minute was recorded to give 
an indication of work rate. 
6.8 Procedure 
A group meeting was held prior to the farm visits to explain to the subjects the nature of 
the research. Suitable days for the researchers to accompany each subject to his farm 
were agreed. 
The subject was met at his homestead and was asked several questions concerning how 
he generally felt,, what he had eaten and his state of health over the past few days. The 
heart rate monitor was attached around his chest and he was asked to sit down and rest 
for five minutes. At the end of this period his resting heart rate was recorded. His 
height and weight were then measured. 
At the farm the thermal measuring equipment was set up and oral temperature was 
taken. The subject then commenced work with his behaviour continuously observed. 
Environmental conditions were manually recorded every five minutes. Every ten 
minutes the number of hoe strokes made in one minute was recorded. Soil resistance 
was measured at different locations around the farming plot. At the end of the working 
session oral temperature was again taken and the total number of mounds made 
counted. 
At the end of the ten sessions a meeting of the subjects was held, and an open 
discussion held on the research findings in order to debrief the subjects and to explore 
any problems the subjects felt they had encountered when working in the heat. 
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6.9 Res u Its 
6.9.1 Clothing 
All the subjects wore similar clothing, western dress typically comprising of cotton 
trousers and T-shirt or shirt (Table 52). One subject (subject 5) wore no shirting. Two 
subjects wore shorts over their trousers. All subjects removed shoes and additional 
clothing before commencing work, working in barefoot. Whilst the thermal insulation 
of the clothing ensemble (as estimated from ISO 9920; 1995) was low, the insulation 
value of the clothes, and in particular the trousers, may have increased as they became 
caked from sweat and dust. 
Table 52 Clothing worn during work and thermal insulation of clothing ensemble 
suýj. pct Clothingworn' 
------ 
id 
I Cotton polo shirt, cotton trousers 0.37 
2 Cotton polo shirt, cotton trousers 0.37 
3 Cotton T-shirt, cotton trousers 0.3 
4 Cotton polo shirt, cotton trousers 0.37 
5 Cotton trousers (no top) 0.2 
6 Cotton T-shirt, denim jeans, cotton shorts 0.45 
7 Cotton singlet, cotton trousers 0.25 
8 Poly-cotton (65/35) long sleeve shirt, cotton trousers 0.45 
9 Poly-cotton (65/3 5) long sleeve shirt, denim jeans, cotton shorts 0.6 
10 Poly-cotton (65/35) long sleeve shirt, cotton trousers 0.45 
'All subjects wore cotton underwear 
6.9.2 Environment 
The environment was dynamic with air and radiant temperature rising during the 
working day as the altitude of the sun increased. Figure 21 shows the mean 
environmental parameters over time. It must be noted that this is from the daily 
recordings taken during each subjects period of work and therefore they do not present 
a mean throughout the time period given across the ten days. This may account for the 
marked variation in 4 toward the end of the time period when the mean was only from 
two data sets. Sunrise was at 6.1 Oam. Mean tr rose from 16'C in the early morning to 
66.0'C. The use of small globes can lead to large errors in estimates of 4 (Parsons, 
1993) and this latter figure may be erroneous due to the small size of the globe 
temperature and the relatively high air velocities. It must be noted that there was a thin 
level of cloud cover with only brief periods of direct solar radiation during every 
130 
6. Heat Sress on the Farm 
session except 9. Whilst it could not be measured, diffuse solar radiation was probably 
significant. 
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Figure 21 Mean air temperature, radiant temperature and humidity over the ten days 
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t,, steadily rose from 17.6'C at 6: 45 in the morning to a recorded maximum 38. O'C at 
14: 40. Relative humidity decreased as temperature increased. Humidity results from 
subjects 5 and 6 appear unrealistically low. It can only be suggested that this may be 
due to faulty measuring equipment as the manual readings corresponded with those 
electronically logged. Whilst air velocity differed between the days (Table 53), it 
remained relatively constant during each session, the mean for each session was 
therefore used in all calculations. It must be noted that without appropriate measuring 
equipment, the measurements for air velocity are best estimates, being made from 
observations according to the Beaufort scale. 
As all the farmers left their farms after digging the yam mounds, it was not possible to 
continuously monitor the thermal parameters beyond the working session, hence the 
lack of measurement throughout the day. 
Table 53 Mean environmental parameters for each day 
Subject Working time t" t, RH v 
(mins) mol__ (m/s)- 
- - 1 324 27.21 37.83 86.52 1. 2 6 
2 152 26.29 30.68 90.77 3.45 
3 116 28.96 33.21 77.92 3.06 
4 212 28.03 30.22 67.39 0.27 
5 199 31.43 47.11 38.95 0.83 
6 245 33.01 49.16 21.49 1.36 
7 230 27.27 38.29 68.85 0.71 
8 60 25.58 35.13 85.38 0.93 
9 273 31.46 57.09 68.48 3.54 
10 349 32.09 47.91 66.31 3.46 
Mean 216 29.13 40.66 67.21 1.89 
SD 90 2.66 9.10 21.77 1.32 
6.9.3 Physiological measurements 
The mean physiological workload expressed as a percentage of an individuals effective 
heart rate range was 53% suggesting a fairly hard work rate with a mean heart rate of 
132bpm (Table 54). From Grandjean (1988) this approximates to a metabolic rate of 
around 230W/M2 which was also the estimate for similar activities such as shovelling as 
provided by ISO 7243. 
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Table 54 Mean working heart rate and percentage of effective range for all subjects 
Subject Heart rate SD Effective range 
1 146 14 62 
2 136 9 56 
3 127 8 57 
4 112 9 35 
5 130 19 56 
6 125 15 49 
7 125 13 40 
8 161 9 76 
9 132 15 52 
10 122 12 45 
Mean 132 12 53 
SD 13.6 3.6 11.6 
Oral temperature increased over the working period with a mean of 37.09'C being 
recorded at the end of the working period(Table 55). With the exception of subject 9 
this increase was within acceptable limits for all the subjects. 
Table 55 Oral temperatures before and after work (OC) 
Subject Before After Difference 
1 36.5 37.0 0.5 
2 36.5 37.0 0.5 
3 363 36.7 0.4 
4 36.5 36.9 0.3 
5 36.6 36.9 0.3 
6 36.5 37.1 0.6 
7 36.5 36.9 0.4 
8 36.9 37.3 0.4 
9 36.1 37.6 1.5 
10 36.7 37.6 0.9 
' ýa-n -3,6.5 3 7.1 0 .6 
SD 0.2 0.3 0.4 
6.9.4 WBGT 
Whilst the mean WBGT (weighted over time) for all days was 26.06'C, exceeding the 
reference value by a minimal 0.06'C, individual reference values were exceeded for 
only subjects 3,9 and 10. At the end of each working session WBGT values were 
above reference values for all but subject 8 who finished work comparatively early 
before the climatic conditions had significantly risen. 
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Table 56 Mean WBGT measurements and reference values 
Subject Mean WBGT WBGT at end of session WBGT Reference value' 
0C) 0 
1 25.99 30.97 26 
2 25.64 27.72 26 
3 26.93 27.32 26 
4 24.96 26.46 26 
5 25.31 28.28 26 
6 23.58 26.51 26 
7 25.09 29.24 26 
8 24.96 25.27 26 
9 29.10 33.18 26 
10 29.04 31.70 26 
Mean 26.06 28.66 26 
SD 1.80 2.57 - 
'Reference values for acclimatised persons, sensible air movement and 200<M<260 
6.9.5 Performance 
All the farms visited were cleared plots of land in the bush surrounding Wenchi Town. 
They had all been cropped the previous season. Productivity was consistent with the 
exception of subject 7 who admitted that he was more productive because of the 
softness of the soil which the mean soil resistance figures confirm (Table 57). 
Table 57 Mean hoe stroke rate, number of mounds made per minute and soil resistance as 
measured by dropping s harpened steel rod from lm into soil 
Subject Mean stroke rate Mounds per min Mean soil resistance 
(Strokes/min) 
1 51.6 0.66 74.2 
2 47.6 0.68 67.3 
3 49.8 0.74 85.9 
4 47.9 0.64 87.3 
5 49.9 0.57 66.8 
6 42.4 0.62 75.3 
7 41.6 1.03 91.3 
8 47.1 0.83 124.3 
9 57.7 0.62 89.2 
10 42.4 0.47 
- --- ------ 
72.2 
Mean 48.40 - 0.71 84.62 
SD 4.92 0.15 17.00 
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6.9.6 Behaviour 
Subjects started work between 06.51 and 08.14 (Figure 22). Whilst the researchers 
arrived at each subjects homestead at 06: 00 there were usually a number of unforeseen 
delays before leaving for the farm. These included two farmers forgetting about the 
research and having to be found. 
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Figure 22 Figure showing time spent working and breaks of more than one minute for the ten 
subjects 
With the exception of sub ects 1,9 and 10 all subjects worked without resting in the j 
shade, All subjects interrupted their pace of work to take brief pauses( Figure 22, Table 
58) although there was no apparent pattern to these. Six of the subjects experienced 
problems with their hoe blade coming loose from the handle. This necessitated an 
interruption to the pace of their work to fix the blade back on to the handle. 
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Table 58 Frequency of observed behaviours during work 
w ý Subject Working ti m e Discomfort Profuse - Rest - -Drink Interruption 4 
minS) expressed' sweati 2>5 minS3 
1 324 22 2 
2 152 41 1 
3 116 32 3 
4 212 4 3 
5 199 3 1 2 
6 245 51 2 5 
7 230 52 3 3 
8 60 11 
9 273 821 1 1 
10 349 541 6 
'Interruption to pace of work from pain or discomfort- standing rest 21nteruption to pace of work to wipe sweat from face 'Rest taken in shade 
4 Other interruption to work such as to mend broken hoe, urinate, or from o ther distraction 
Subjects worked for a mean of 216 minutes (SD=90), of which a mean of 199 mins 
(SD=76) was spent actually working, digging yam mounds. Reasons given for stopping 
work were feeling hot, fatigue, hunger, body pains, excessive dust and in two cases 
completing the work quota (Table 59). 
Table 59 Reasons given by subjects for stopping work and general feeling 
Subject Reason for stopping work General feefing at enawof work 
I Body is hot and sun is high All over tired 
2 Hungry (and finished quota) Pain all over 
3 Tired, doesn't want to over exert himself as he wants Tired 
to continue the next day 
4 Sun is too hot, too much dust Tired 
5 Hungry and sun is hot: dusty. Bodily discomfort 
6 Tired and hungry, land is hard, sun is hot and dusty Little bodfly discomfort, hungry 
7 Because of waist pains and fatigue Tired and hungry 
8 Contractual worker- paid by hour. OK, quota completed 
9 Sun is too hot and is tired Tired and weak 
10 Heat of sun, tiredness and dustiness Tired 
6.10 Discussion 
In discussing the results, the research questions are addressed, followed by comment on 
the significant limitations with the present study. 
U Do farmers suffer from heat stress whilst working? 
IJ What behaviour do farmers adopt in order to 'keep cool'? 
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ýl Are international standards that predict safe working practices in hot environments 
appropriate for Ghanaian farmers? 
6.10.1 Do farmers suffer from heat stress whilst working? 
The negligible increase in oral temperature for all but one of the subjects suggests that 
the working conditions did not impose a stress on the human thermoregulatory system 
Heat disorders occur for several reasons, including dehydration and a lack of awareness 
of the dangers of heat (Leithead and Lind, 1964). It was not possible to quantify sweat 
loss, however profuse sweating was evident in all subjects and dehydration may have 
been likely as there was evidence of little fluid replenishment. Air velocity was 
relatively high, facilitating evaporative cooling. The subjects had an appreciation of the 
dangers of heat, modifying their work organisation around this. Intense work such as 
mound making is usually conducted in the early mornings. Following work they 
generally rested until the heat of the day subsided and undertook less strenuous 
activities in the afternoon. Subjective feelings of heat and fatigue were critical in their 
decision to stop work. With the increasing temperature, if the subjects continued, the 
risk of heat stress would have been considerably increased. 
6.10.2 What behaviour do farmers adopt in order to 'keep 
Cooly? 
The primary strategy subjects adopted to avoid thermal stress was in their timing of 
work. They were seen to avoid working in the hottest part of the day, starting early and 
being flexible in the number of hours worked with minimum disruption. Heat was one 
of the principle reasons for stopping work with seven of the subjects complaining that 
the sun was too hot. Excessive dust was also given as a common reason for ceasing 
work. This was probably due to the drying of the top soil With the increasing ambient 
temperature and falling relative humidity. Only 2 of the subjects had eaten before 
commencing work (subjects 3 and 8) and hence hunger was an additional reason given 
for ceasing work. 
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Subjects were not seen to take regular drinks, and four subjects took no water during the 
working period. It is interesting to note that these subjects had no access to water close 
to their farm. Their drinking water was carried to the farms, in addition to drinking it 
was also used for cooking. Those subjects who did take drinks had access to water 
from streams close to their farms. They were aware that the water could be dirty and 
unsafe for drinking and this may be a reason for the little water consumed during work. 
All subjects paced their work with a constant work rate in terms of strokes per minute. 
Other behaviour to minimise discomfort from the heat such as taking frequent breaks 
and drinking to maintain hydration was not observed. None of the subjects were seen to 
adopt any particular work-rest schedule as may have been expected, 7 of the 10 subjects 
working continuously without significant rest periods. Where rest periods in the shade 
were taken the interruption to their work was to take food. The timing of this was more 
a factor of the food being ready and available rather than the desire to take a rest. 
Williams (1996) found subjects responded to a changing thermal environment by 
decreasing clothing insulation as the ambient temperature got warmer. In this study 
however adaptive clothing strategies during work were not observed with clothing (such 
as shirts and foot wear) were removed to a minimum level before commencing work 
Researchers in India (Sen, 1983) and Vietnam (Kawakami et al., 1993) have reported 
that agricultural workers wear wide brimmed hats to reduce the effects of solar 
radiation, however none of the subjects in this study wore a hat. 
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Figure 23 Photograph showing dust generated from activity 
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6.10.3 Are international standards that predict safe working 
practices in hot environments appropriate for Ghanaian 
farmers? 
6.10.3.1 ISO 7243 
WBGT reference values for subjects 3,9 and 10 were exceeded. It was earlier suggested 
that relative humidity measurements for subjects 5 and 6 may have been erroneous. 
When relative humidity is adjusted to account for this (using mean RH of other 8 
subjects, 76.45%), calculations for t,, wb are increased and subsequently WBGT for these 
subjects are 31.4'C and 31.8'C, considerably exceeding the reference values. The 
reference values are based upon the ability to work in a thermal environment without 
exceeding a deep body temperature of 38'C "over a fairly long period of time" (ISO 
7243). The reference values were exceeded for 5 subjects, yet none experienced a rise 
in body temperature to 38'C (although subject 9 experienced a rise in oral temperature 
of 1.5'C). These results, whilst fairly inconclusive, suggest that ISO 7243 was over 
protective and that higher reference values for the population investigated could be 
used. 
6.10-3.2 ISO 7933 
As it was not possible to measure weight loss over the working period a comparison 
between actual sweat loss and sweat loss predicted by ISO 7933 could not be made. 
ISO 7933 is not dynamic in so far as whilst it allows calculations for a number of 
sequences of different exposure variables, it does not allow for the gradual increase that 
is experienced in outdoor conditions. 
There was a significant difference between predicted safe working times before 
excessive water loss and time actual worked (p=0.002, t-test) for subjects 1-8 (Table 
60), i. e. subj ects stopped work before alarm levels were reached. For subj ects 9 and 10 
however alarm' and danger leveIS2 were reached well before the farmers stopped work. 
When inputs to ISO 7933 were adjusted for subjects 5 and 6 (as discussed above) a 
similar result was found, with allowable alarm exposure times for subjects 5 and 6 
1 Core body temperature increase of 0.8 *C 
2 Core body temperature increase of I. OT 
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being 120 minutes and 40 minutes respectively. A danger value was predicted for 
subject 6 after 55 minutes. From the increases in oral temperature these reference 
values were not reached and the ISO 7933 predictions thus erred considerably on the 
safe side. It is suggested that the primary reason for the marked differences in ISO 7933 
predictions for (adjusted) subjects 5 and 6, and subjects 9 and 10 are the high input 
values for radiant temperature. The globe has been found to be inaccurate in outdoor 
situations with solar radiation (Parsons, 1993). In addition the small globe size 
combined with high air velocities may have further compounded inaccuracies with 
using the globe for mean radiant temperatures. Indeed with the exception of two 
subjects, the mean recorded air velocities were beyond the limit specified in the 
standard. This will additionally cause the predicted mean skin temperatures to be out of 
range. 
Table 60 Actual time worked and predicted alarm and danger exposure times (mins) 
Subject Time worked Alarm Danger 
1 324 313 418 
2 152 367 
3 116 360 479 
4 212 366 - 
5 199 341 455 
6 245 300 - 
7 230 423 NAL 
8 60 326 435 
9 273 341 421 
10 349 341 501 
Excessive increase of body temperature 
The finding of this limited research reflect that of Ktihk6nen et al., (1992) who 
concluded that in a tropical working environment the climatic conditions for which ISO 
7933 is applicable are too narrow. There is a need to further investigate the validity of 
the international standards for use in the tropical environment and in particular the 
effects of solar radiation on the human. 
6.10.4 Limitations of study 
The subjects represented an opportunity sample as finding farmers who were willing to 
take part proved difficult. Many farmers were reluctant to take part as they could 
perceive no tangible benefits from participating in the research. The researchers were 
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treated with suspicion by several farmers, fearingj'uj'u would be placed on their farm if 
they allowed strangers on their land. This may however have primarily been to do with 
the nature of the crop. The cultivation of yams is often associated with strong socio- 
cultural traditions and taboos. In many communities, rituals and festivals accompany 
the harvestin of the new yams with a date being fixed for the festival in the locality 9 
and no farmer may harvest or consume his new yam crop before that date (FAO, 1989). 
Without a flat surface it was not possible to use scales on the farm and hence body mass 
loss and sweat loss could not be measured. This could have been overcome by using a 
heavy flat base to place the scales on. However it was logistically impossible to take 
such an item to the farm because of their location in the bush. The farms visited were 
only accessible by foot, taking between 15-45 minutes to walk to them. It was only 
therefore possible to carry a minimum amount of equipment. All the subjects claimed 
that they usually travel to the farm early to avoid the heat of the sun, walking in the dark 
to start work at sunrise and usually finishing by mid morning. During the study 
however, all subjects refused to leave home for the farm with the researchers before 
sunrise. Initially they claimed that this was because 'obrunil does not like to be up 
early in the morning'. When pressed however, the reason they gave was that they did 
not want the researchers to walk to their farms along the 'snake infested' tracks in the 
dark and so could not be persuaded to follow their usual early morning routine. In the 
light of this, the start times for work may be not be representative of a typical working 
day. 
Finally, the study was conducted in December, shortly after the wet season had finished 
and before the hot season had commenced. December is the forth coolest month, and 
with the exception of digging yam mounds, there is relatively little agricultural activity 
carried out. In contrast, in March, generally the hottest month, crops such as maize, 
tomatoes and other vegetable crops are planted. The soil at this time is harder and the 
work considered intensive (Refer to seasonal calendars in Appendix 16). 
1 White man 
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6.11 Conclusions 
U This study, whilst methodologically limited, suggests that the farmers did not suffer 
from heat stress when working outdoors in the conditions observed. 
Farmers did not take precautions to combat the risk of heat stress,, such as regular 
breaks, fluid replenishment or wearing wide brimmed hats. They did however adopt 
a sensible approach to their working environment, starting work early in the morning 
when temperatures were relatively low, and solar radiation was minimal, finishing 
work when they felt hot and fatigued, before the hottest part of the day. 
U Difficulties in conducting field research 'on the farm' were encountered. These 
included logistical problems of transporting research equipment to the field, observer 
interference, and shortcomings with measuring techniques. 
U This study suggested that international standards for estimating heat stress and strain 
in the tropical environment observed were overprotective. The results however were 
inconclusive and this merits further investigation. 
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Assessment of 
Ergono i0cs Methods for 
0 
use in Tropoical 
Agroiculture 
Preface to Part Three 
From the two surveys and field work presented in the preceding chapters it can be 
concluded that there is a need for the application of ergonomics in international 
development programmes focusing upon the agricultural sector. The evidence to 
support this need is to be found in the following: 
1. In the high incidence rates of occupational disorders that were revealed; 
2. In the ergonomics problems in post-harvest agroprocessing, and; 
3. From observations made during the field work. The work was laborious, and whilst 
heat stress was not identified as a problem, farmers consistently complained of 
suffering from fatigue and/or bodily pain and discomfort at the end of the work 
However due to methodological limitations and the time of year the work was 
undertaken, the results of the field study into working in the heat were not so 
conclusive. 
Given the need for ergonomics, in international development programmes as shown 
above, it follows that tools and methodologies will be required by the ergonomist 
working in an IDC. However there has been no research to date on whether 
established tools are appropriate for use when working with people in subsistence 
agriculture. Part three therefore presents an assessment of ergonomics tools and 
methods for use in tropical subsistence agriculture. 
It was seen in Chapter 6 that strategies for assessing hot environments are available, 
however difficulties in using (and assessing them) in the field were encountered. 
These included problems with tools and controlling experimental protocol. This 
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work concluded with the need for further investigation into agricultural work in hot 
environments and methods for assessing hot environments. 
Whilst there were few periods of intense direct solar radiation during the study in 
chapter 6 there was considered to be a high intensity of diff-use radiation. 
Measurements of tr may have been erroneous, with shortcomings in the measuring of 
radiation in outdoor conditions with the black globe thermometer having been 
discussed in Parsons (1993). The nature of outdoor agricultural work under high solar 
loads was therefore considered to deem further investigation. 
In the light of these findings a series of laboratory studies was conducted in the 
Human Thermal Environments laboratory at Loughborough University. These were 
an investigation of heat stress standards in a simulated tropical environment 
(presented in chapter 8) and an investigation into methods for quantifying the effects 
of solar radiaiton on the human thermoregulatory system (presented in chapter 9). 
Following the laboratory studies, in chapter 10 the thesis discusses other tools that 
were brought together in a tool kit that was used in parrallel to the stratergies for 
assessing hot environments in the field and considers their use and appropriateness. 
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7. Evaluation of Heat stress= 
principles and standards 
7.1 Alm 
Given the climatic conditions in many IDCs, typically tropical with high humidity, 
radiant and air temperature, this chapter aims to review methods and specifically ISO 
standards for evaluating heat stress experienced by workers in such environments. 
7.2 Introduction 
Ergonomics standards were developed to help people concerned with the design of 
equipment, systems and workplaces. Their intention is to promote health, safety, well 
being and efficiency of the worker, both in terms of the workers performance and the 
efficiency of the system as a whole (Nachreiner 199 1). They are concerned with the 
characteristics of the human as end-users (Branton 1985). However, from the literature, 
it is clear that human characteristics are not homogenous, people differ according to 
country, culture and climate. International standards are, as their name implies,, for 
international use. They are however predominantly designed and developed in the 
industrially developed world. International heat stress standards have mainly been 
developed in Europe and the USA. Problems of validity, ambiguity and usability are 
therefore probable when implementing standards in industrially developing countries 
(IDCs). They may be culturally incompatible, ignore physiological and anatomical 
differences and be unworkable in situations which differ from the industrialised norm. 
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ISO has produced over sixty ergonomics standards either published or working 
documents. Many of these are concerned with workstation design and VDU work and 
are thus outside the scope of this thesis. In order to evaluate standards for their 
appropriateness in IDCs, it was decided to take a specific group that have been 
published, are in current use in ICs and may be expected to be incorporated into the 
ergonomics tool kit discussed in Chapter 10. Standards for evaluating thermal stress 
were chosen as fulfilling this criteria. Furthermore, given that ISO standards for 
evaluating hot environments were used in the study presented in Chapter 6 and that 
difficulties in using (and assessing) them in the field were experienced, a 
comprehensive laboratory simulation of an agricultural activity was undertaken to 
evaluate their appropriateness for use in tropical agriculture. 
7.2.1 Heat Stress Indices 
In light of the dangers that a hot environment can present to a human, heat stress 
indices have been developed to predict the physiological strain on an individual from 
stressful environmental conditions. Such predictions will allow safe working practices 
and environments to be introduced to protect the individual from a dangerous rise in 
core body temperature. Heat stress indices aim to give "a single number which 
integrates the effects of the basic parameters in any human thermal environment such 
that its value will vary with the thermal strain experienced by the person exposed to a 
hot environment" (Parsons 1993). Heat stress indices can be divided into three 
categories(Table 6 1), direct indices, using measuring instruments which will respond to 
given thermal environment in a similar way as humans will respond; empirical indices, 
derived from subjective responses to a range of environmental conditions; and rational 
indices which use the heat balance equation. By calculating the thermal parameters, 
(knowing that in heat balance, storage is zero) it is possible to provide the required 
evaporation to retain heat balance. The indices which have been adopted by ISO are 
the WBGT (direct) and Required sweat rate (rational). 
Table 61: Heat stress indices and examples 
Rational Sw,,,, (ISO 7933) Heat Stress Index (HSI) 
Empirical P4SR Effective Temperature (ET) 
2r Direct "GT 21Y d 
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7.2-1.1 Wet Bulb Globe Temperature (WBGT) 
The Wet Bulb Globe Temperature (WBGT) was evaluated by Yaglou and Minard in 
1957 as an index of climatic stress. It was developed during the 1950's as part of a 
programme for the prevention of heat casualties in the US Marine Corps Recruit Depot 
at Paris Island, South Carolina. It was designed to be a simple substitute for the 
Corrected Effective Temperature (CET) scale which in its original form made no 
allowance for additional radiant heat and was complicated to use in the field (Kerslake 
1972). Training programmes were planned on the basis of the WBGT index with 
vigorous training suspended when the WBGT critical values (Yaglou & Minard 1957). 
The programme was effective (Table 62) and in 1960 was extended throughout the 
Marine Corps. 
Table 62: Success of the programme for the prevention of heat casualties between 1952-56 (From 
Peters 1966) 
Year Average weekly incidence of heat casualties 
(per 10 000) 
1952-1953 (programme introduced) 
1955 
195ýýGT LntroduFýq),, 
". ".,.. _. _ 
WBGT is calculated according to the following formula; for indoor environments and 
where there is no solar load: 
WBGT=0.7inwb+0.3tg 
and for outside environments with a solar load: 
WBGT=0.7tnwb+O-2tg+O- lt, 
Where: t-nwb is the natural wet bulb temperature, t. is the black globe temperature and týa 
is the air temperature 
The WBGT was adopted by the American Conference of Industrial Governmental 
Hygienists (ACGIH 1989) who established permissible heat exposure limits in WBGT 
units for different metabolic rates and work-rest regimens. These threshold limit values 
refer to conditions where 95% of the workers population can be repeatedly exposed to 
heat stress with no adverse health effects (ACIGH 1989, Dukes-Dobos & Henschel, 
1973). They are based upon the assumption that acclimatised, fully clothed workers 
with adequate salt and water intake should be able to work effectivelý! Without 
39.5 
12.5 
4.67 
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exceeding a core body temperature of 380C (WHO 1969, ACGIH 1989). These 
reference values have been adopted in IS07243 and are shown below (Table 63). 
Table 63: Reference values of the WBGT heat stress index (ISO 7243) 
Metabolic Metabolic Rate M Reference Value of WBGT 
Rate Class 
Related to a unit skin Total Persons Acclimatised to Persons not acclimatised 
surface area (for a mean surface heat to heat 
W/M2 area of 1.8m2) 0C OC 
W 
0 M:! ý65 M:! ý 117 33 32 
(resting) 
1 65 <M:! -ý 13 0 117 <M:: -ý 234 30 39 
2 130<A/I:! ý200 234<M<360 28 36 
3 200<M:: -ý260 360<ff!, ý468 No Sensible No Sensible air 
sensible air sensible movement 
air movement air 
movement movement 
23 
25 1 26 1 22 1 
4 M>260 M>468 23 1 25 1 18 1 20 
Note the values given have been established allowing for a maximum rectal temperature of 38oC for the persons 
concerned, 
The WBGT has been found to be a suitable predictor for thermally induced 
physiological strain (Griefahn, 1994,1997), however although it is an easy to use 
practical tool for use in industry it has been adopted for use in many areas for which it 
was not intended and a number of criticisms have been made of it: 
J The WBGT gets progressively poorer under low humidity conditions (Ramsey, 1976) 
U For light work in a hot, humid environment, the WBGT correlates well with skin 
temperature, but poorly with rectal temperature, heart rate and sweat loss (Pulket et 
al., 1980) 
U Different air velocities have a substantial effect on WBGT reference values (Ramsey 
& Chai, 1983). With the exception of heavy workloads ISO 7243 does not account 
for air velocity. 
U Environments with the same mean WBGT are not necessarily equivalent (Hill, 1985) 
U As the natural wet bulb has no thermodynamic properties, it is possible for different 
combinations of the environmental parameters to have the same index value (Azer 
& 
Hsu, 1983) 
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ýJ Ramsey & Chai (1983) found a high variability in reference WBGT values when 
metabolic rate is estimated and a significant effect of clothing which is not usually 
included in WBGT threshold considerations. Despite a precise measurement, errors 
are likely to be introduced in the interpretation of the reference values due to the 
inherent variability. This was further shown by Hill (1985) who found 'very small 
changes in the WBGT temperature around the critical reference values have profound 
effects upon the interpretation of the index'. 
Q Existing WBGT reference values (ISO 7243) have been found not to correspond with 
physiological responses of different ethnic populations (Kitti & Vanwonterghem 
1993). 
7.2.1.2 Heat Stress Index (HSI) 
The Heat Stress Index (HSI) (Belding & Hatch, 1955). (of which ISO 7933 is a 
development, ) is a rational index based upon the required sweat rate to maintain heat 
balance(Sreq)- It features a table of physiological and psychological consequences of an 
8 hour exposure at a range of HSI values. 
The HSI is derived from the heat balance equation. It considers the amount of body 
heat that must be lost through evaporation to maintain heat balance and the maximum 
amount of evaporation possible in the given environment, so: 
Ereq =MR-C 
where: A/]'-- metabolic heat production, R= radiation loss, and C= convection loss 
HS = Ereq X 100 IE max 
It can be used as a tool for estimating heat strain from environments, however IT makes 
several assumptions that cannot always be met, such as acclimatisation and clothing 
wom. 
7.2.1.3 ISO 7933 
ISO 7933 is based upon the work of Vogt et aL, (198 1) in the CNRS laboratories in 
Strasbourg, France, being extensively evaluated in industrial and laboratory settings. 
ISO 7933 adopts a rational approach using the heat balance equation. It provides a 
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method for calculating the evaporation required to maintain heat balance. From this the 
required sweat rate can be estimated from which it is possible to predict warning and 
danger levels for allowable exposure times in a given environment. Hence: 
Ereq=M-W-Cres-Ere. Y-C-R 
Where; 
M = metabolic power 
W = mechanical power (usually taken to be zero) 
Cres = respiratory heat loss by convection 
E,, es = respiratory heat loss by evaporation C = heat exchange on the skin by convection 
R = heat exchange on the skin by radiation 
The maximum evaporative rate (Emaj 'that which can be achieved in the hypothetical 
case of the skin being completely wetted' (ISO 7933). 
Emax 
- 
Psk, s-Pa 
ReT 
Where; 
Psk, s ý-- saturated vapour pressure at the skin 
Pa 7-- water vapour pressure in the enviromnent 
ReT ý'-: total evaporative resistance of clothing and boundary layer 
Based upon Ereqand E,,. the required skin wettedness(Wreq)can be calculated; 
Wmq - 
Ereq 
Emax 
from the evaporative sweating efficiency (r) 
r=1-- 2 
The required sweat rate (Swreq)can be calculated: 
Ereq 
rmq 
Provided limits for Skin wettedness (W.. ) maximum sweat rate (SWaj maximum 
) and maximum permissible fluid loss (Dm,,,, heat storage (Q., ) (4-6% of body weight) 
are maintained, predicted evaporation (Ep) can be calculated from Eq. If Ep equals E,, q 
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and Da,, is not exceeded then equilibrium will be maintained and there will be no 
thermal strain. However if Ep is greater than E,, , qthen 
heat storage will increase and the 
body will be subjected to thermal strain. If the maximum limit for heat storage (Q=, ) is 
exceeded, exposure to the climatic stress must stop (Kampmann & Piekarski 1995). 
ISO 7933 provides limits for rises in heat storage according to two criteria, alarm and 
danger, depending upon whether or not the person is acclimatised (Table 64). The 
alarm limit for Qn,,,,, corresponds to a rise of 0.8'C whilst the limit for danger 
corresponds to a rise of body temperature of PC i. e. to 38'C, the WHO limit for 
occupational exposure to stressful environments. In analysing the environment, 
maximum limit values that can be achieved are given for skin wettedness (Wmax) and 
sweat rate (SW. J These are compared with the required sweat rate(SWreq). When 
SWreqexceeds these values, heat storage will occur. 
Time limits for exposure as a function Of Qmax and Dn,, ax are provided when 
Ep = Eq 
and 
swp 
-< 
Dmax 
8 
These duration limited exposures (DLE"s) can be determined when the required 
evaporation is not achieved (i. e. predicted sweat rate is less than that which is required 
and a resulting increase in heat storage, ) by: 
DL& = 
60Q max 
(Ereq - Epý 
When SWp involves an exaggerated water loss the DLE will be 
DLE2 = 
60Dmax 
SWP 
The shortest DLE's being used for limiting the duration of exposure. 
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Table 64: Reference Values for the different criteria of thermal stress and strain (ISO 7933,1989) 
Criteria Non-acclimatised subjects Acclimati Subjects 
Warning Danger Warrang Danger 
Maximum Skin 
Wettedness W. 0.85 0.85 1.0 1.0 
Maximum Sweat 
rate 
Rest (M<65Wm2) 
SW 
max: 
W/m 2 100 150 200 300 
g/h 260 390 520 780 
Work(A4-ý>65W/M) 
SW 
MaXW/m 
2 200 250 300 400 
g/h 520 650 780 1040 
Maximum Heat 
Storage 
Qmax: W h/M 2 50 60 50 60 
Maximum water 
loss 
Dm.,: W h/M2 1000 1250 1500 2000 
g 2600 3250 3900 5200 
Whilst ISO 7933 can provide a useful analytical tool for assessing heat stress in 
industrial environments, a number of criticisms have been made of it: 
Q ISO 7933 has been found to underestimate loads for conditions with high levels of 
humidity or with appreciable radiation (Peters 1995). This is partly due to its 
underestimating the sweat rate. 
U For a limited range of conditions ISO DIS 7933 was found by Wadsworth and 
Parsons (1986) to be inadequate in protecting subjects. 
LI The DLEs do not prevent excessive strain on subjects for the 'danger' limit, however 
are on the 'safe side' with the criteria of 'warning' limit. (Peters 1995). 
U The validity of the limitation in skin wettedness for unacclimatised subjects 
(wm,, ý=O. 85) has been questioned by Mairiaux and Malchaire (19 8 8). 
U Evaluation of changes in body temperature as proposed by ISO 7933 may be 
problematic due to the circadian variation in body temperature. (Kampmann & 
Piekarski, 1995). 
U Kampmann & Piekarski, (1995) found difficulties in establishing limit values for 
situations when the clothing was soaked in sweat. Furthermore they question the 
meaningfulness of the "alarm" and "danger"' criteria. 
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Q During the development of ISO 7933 modifications included notification on the 
standard taking a conservative approach for maximum dehydration assuming 
normal rehydration and not accounting for frequency of drinking and its 
effectiveness; and the effects of the permeability of fabrics, design and construction 
of garments, type of activity and how clothing is worn on sweat absorption through 
clothing. Parsons (1995) notes that the description and quantification of the effects 
of clothing, by the standard, are overly-simplistic. 
7.3 Use of heat stress standards 
In the first instance of assessing the hot environment a rapid evaluation is made using 
ISO 7243. This is based upon the wet bulb globe temperature index (WBGT). If the 
WBGT values exceed the provided 'reference' values a more detailed analysis is made 
using ISO7933. ISO 7933 is based upon the heat balance equation and the required 
sweat rate. It includes a method to plan work rest schedules to provide a more tolerable 
environment. In extreme environments, thermal strain can be evaluated by 
physiological measurements using ISO 9886. A number of other supporting standards 
exist for use in conjunction with the above. These include ISO 7726; standardising 
equipment to be used, ISO 8996; determining metabolic heat production and ISO 9920; 
estimating clothing insulation. 
Experimental data on most heat stress indices, such as WBGT and ISO 7933 has been 
obtained in constant environmental conditions with the physiological parameters at a 
near steady-state (Mairiaux and Malchaire 1988). Actual working conditions are rarely 
like this. Workers change their activities, take rest breaks in area away from the point 
of heat stress, remove clothing when they feel hot, and employ other methods of 
reducing heat strain. Such behavioural adaptations are generally outside the scope of 
the indices. 
With the WBGT, fluctuations in any of the parameters over time are recorded and a 
time weighted mean value calculated. In ISO 7933 derived parameters such as Ereqand 
Eý,,,, are averaged. Neither provide a dynamic description of human thermoregulatory 
control. However ISO 7933 is the heat stress index giving the best approximation of the 
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body sweat loss (Mairiaux & Malchaire 1988) and as a quick and simple evaluation of a 
hot environment, the WBGT is a useful tool. Indeed Kitti & Vanwonterghem (1993) 
note that the WBGT is well known and used in IDCs with the necessary equipment 
being available on the market at reasonable prices. It must however be noted that much 
of the work evaluating these indices has been based upon Western , industrial 
occupational settings. Little work has been done on assessing their use in other areas 
such as in Industrial developing countries. 
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8. Laboratory investigation of heat 
stress standards in tropical 
agriculture 
8.1 Aims 
The aims of this investigation were to evaluate the validity and usability of ISO 
international standards for use in assessing the thermal stress in industrially developing 
countries, specifically in an agricultural setting, that of harvesting tea. 
8.2 Introduction 
Ergonomics standards were developed principally as methods with the intention of 
promoting health and safety, improving the health and well being of the worker, and 
efficiency of both his/her performance and the efficiency of the system as a whole. The 
purpose of standards relating to hot environments is to allow an environment to be 
assessed and evaluated. Where a danger to health from heat stress is identified they 
allow decisions for implementing measures to reduce the heat stress to be made (such 
as redesigning the workplace, work-rest schedules and protective clothing). 
The primary heat stress standards are ISO 7243, a simple and basic direct index using 
the wet bulb globe thermometer to predict the stressfullness of an environment; and ISO 
7933, a rational index based upon the heat balance equation. Using an analytical 
method the required sweat rate(Swreq)for the human thermoregulatory system to 
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maintain equilibrium is calculated , if SW,,, q is not possible, limits for exposure are 
determined. 
There has been much work assessing the validity of these standards, however this has 
been mostly carried out on Western subjects in industrial contexts. With this in mind, 
this experiment investigated the validity of heat stress standards in an agricultural 
working environment found in many IDCs. This was plucking tea leaves. 
8.2.1 Validity, Usability and Ambiguities 
To be used, the standards must not only be valid they must be usable. That is, free of 
ambiguities, clearly presented and easy to use in the field. The user population will 
differ in IDCs, specifically in their lack of resources. Thus standards will only be 
effective if they fulfil three criteria; that they are valid, unambiguous and usable. 
8.2.1.1 Validity 
For the standards to be acceptable they must have validity. They must measure what is 
intended. Thus the standard must have a scope that is realistic. The methods provided 
must achieve the objectives set forth in the scope. They must be appropriate to their 
intended user population. A method which caters only for a specific population will 
have little validity if it is to be transferred to other populations. Hence the methods of 
an International standard must be valid for use in any population. 
Although the standards are presumed to be appropriate for any hot environment,, they 
have been designed for, and generally used in industrial settings in industrialised 
countries. Their validity has not been tested in agricultural settings where outdoors 
workers are exposed to tropical climates. In industrially developing countries 
unorganised sectors of agriculture such as subsistence farmers will work to their own 
timetables avoiding the hottest part of the day and therefore avoid the risks of heat 
strain. Workers in the organised sector however work set shifts and do not have the 
liberty to stop work when a risk of heat strain may be evident. At present agriculturists 
work according to empirical experience, trial and error and guess-work (Hall 1971). 
The ISO standards for evaluating heat stress can thus be of use to workers in 
agricultural occupations; ISO 7933 could be expected to give a quantitative guide as to 
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work-rest schedules, adequate fluid balance and improving the working environment. 
However the validity for use in such situations remains untested. Part of this 
investigation therefore aims to ascertain whether ISO 7243 and 7933 accurately predict 
the human responses to a hot environment whilst undertaking a tropical agricultural 
task. 
8.2.1.2 Ambiguity 
The standard must provide information pertaining to all situations set out in the scope. 
Whilst this may be context dependent and never exact, for the standard to be effective, 
the methods must not be ambiguous. They must be clear and followable, not open to 
interpretation. Sufficient information must be provided. The wording must not allow 
different meanings to be inferred, a standard which can be interpreted differently by 
different users will not be effective in attaining its objective. 
8.2-1.3 Usability 
ISO standards are essentially products with a market value and thus must be usable if 
they are to be adopted in the workplace. As the user population will vary, the product 
must be flexible. The principles and functions which are universal must be presented 
so as to be applied in all user/context dependent situations. 
The standards are designed for use by individuals having knowledge and experience in 
the field of thermal environments with resources to measure and calculate temperatures 
and air velocity. However resources and technical knowledge are often lacking in 
industrially developing countries. The standards may not therefore always be usable in 
developing countries. Furthermore ambiguities may be present which will prevent the 
standards being used as intended. If they are found to be difficult to use, or confusing 
in their format their use as valuable tools for protecting workers at risk from heat strain 
will be wasted. 
8. Z2 Evaluation of Usability A nd A mbiguity 
Usability can be defined as "the degree to which specific users can achieve specific 
goals in a particular environment with effectiveness, efficiency and satisfaction" 
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(Rengger 1990). It is dependent on the context of use or measurement according to the 
four components, the product, user, goal and environment. 
8.2.2.1 The Product 
In this investigation the products are International Standards for assessing stressful 
thermal environments. Usability will be measured according to how their goals are 
accomplished. 
8.2.2.2 User Population 
The standards have a specific user population, "those responsible for the health of the 
employees" (ISO 9886), this is likely to be ergonomists, occupational hygienists and 
persons with some expert knowledge. 
8.2.2.3 The Goals 
The goal is the desired state which is to be attained. According to Rengger (1990). 
before an evaluation of usability commences it is necessary to define exactly what goals 
a user aims to achieve from a product. Usability can then be assessed according to the 
users ability to achieve those goals. The goals of the standards evaluated in this report, 
are to evaluate a given environment in order to ascertain whether the thermal conditions 
in that environment are likely to lead to an excessive increase in deep body temperature 
or excessive water loss for a standard subject (ISO 7933). 
8.2-2.4 The environment 
The final component to be specified in the evaluation of a product is the environment. 
The standards being evaluated here will be used often in extreme conditions, and 
unfavourable physical surroundings. When the standards are used in developing 
countries, further factors may be considered such as availability of equipment, 
experience and knowledge of the practitioners. 
8.2.2.5 Usability testing 
There are many methods that can be employed in evaluating the usability of a product, 
Rennie (1981) identifies three principal types of ergonomics test; the user trial, the 
expert analysis and the performance test. In the user trial, potential users are asked to 
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use the product over a period of time and an assessment is made of their interaction of 
that product. The expert analysis is an evaluation of the product by an expert with 
knowledge and experience of that product, independent of users. In a performance test 
use of the product is simulated without the involvement of human subjects. 
User trials are both expensive and time consuming. Performance tests are not 
appropriate to this investigation. Rennie (1981) considers that in the final analysis,, 
whilst experts may be biased, the ergonomists opinion should be accepted. In light of 
this, a method for finding usability problems has been introduced. Known as heuristic 
evaluation it is a method where specialists inspect user interfaces and evaluate the 
usability aspects based upon their expertise using recognised usability principle, 
(Neilsen 1992, McClelland 1995). These principles such as consistency, simple and 
natural dialogue, speak the users language, and provide feedback are the "heuristics" 
(Dumas and Redish 1993). Neilsen (1992) found that ma or usability problems have a 
high probability of being found in heuristic evaluations. He estimates that with several 
evaluators ± 90% of usability problems may be detected. 
Evaluation of a system based upon a written specification is one of the strengths of 
heuristic evaluations (Neilsen 1992). In the light of this, the cost effectiveness of the 
heuristic method, and the difficulty in conducting a user trial in IDCs heuristic 
evaluation was deemed the most appropriate method for evaluating the standards in 
terms of their usability and identifying ambiguities. 
8.2.3 Tea Plantations 
In 1994 2 1/2million tons (metric) of tea were produced world wide. (Anon 1996). The 
tea plant Camellia Sinsensis is generally cultivated in equatorial zones, in countries 
such as India, Sri Lanka, China and Kenya. Depending upon the crop, it usually enjoys 
temperatures between 21-30'C with high levels of humidity (Eden 1965). In tea 
plantations in north-east India, the tea bushes are plucked between April-November 
each year, June-August being the peak period (Sen 1983). Typically the 'tips' are 
plucked, i. e. shoots that are between 70 - 90 days old. Tea plucking is done by hand, 
hand plucking enables mature shoots to be distinguished from immature, considerable 
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skill being involved. Most tea estates are not designed for mechanisation, many being 
over 100 years old thus tea plucking remains a manual task. 
Ergonomic investigations into tea-leaf plucking have been carried out by Sen et al., 
(1981,1983) into workloads, environmental studies, and criteria for selection and 
categorisation of tea-leaf pluckers. A description of tea plucking as witnessed by Sen et 
aL, (1983) follows. 
During the plucking season, a plucker works 8 hours each day from 8am to 
4pm with a ý12hour lunch break at noon and three ý12hour work-stoppages at 
9am, 11.30 am and 2.30pm for weighing and depositing the shoots plucked, 
and drinking tea. 
A plucker reportsfor work with two baskets -one small and one large. The large basket is kept beside the plot and the worker starts plucking, walking 
along a row of tea bushes and storing the shoots she has plucked in the 
small basket which she carries on her back. When this is full, she walks 
over to the large basket and empties the small one into it. This continues 
until the weighing break, when the shoots are weighed and deposited. 
The plucking operation consists of detaching the terminal bud along with 
the nodal leaf pair immediately below the bud, with the minimum of 
sunerfluous stem. The nlucker uses the thumb and forefinver (or thumb- AaA 
forefinger and middle finger) of eith, 
basket. There are numerous combij 
-- .1--. 1 -- -C) --I---. --- -- I 
r hand and transfers the shoot to the 
ations of arm and finger movements 
and their use varies with the skill, experience and degree offatigue of the 
worker. 
Harvesting the crop is the most expensive of all the individual operations entailed in tea 
production. Being a skilled task it is important to ensure the good health of the workers 
as productivity will suffer with inexperienced tea pluckers. The use of ISO heat stress 
standards may be one method of protecting the workers from heat related illnesses, and 
costly absences from sickness. This experiment investigated the validity and usability 
of heat stress standards in an agricultural working environment found in many IDCs, 
that of plucking tea leaves. 
8.3 Methodology 
Sixteen subjects of European origin and residence, eight male and eight female (Table 
65), were exposed to the experimental conditions for two hours in a thermal chamber in 
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Loughborough University, UK During this time they simulated an agricultural task 
undertaken in tropical climates; that is plucking tea leaves. Measurements were be 
made according to both ISO 7243 and ISO 7933. 
Table 65 Details of subjects who participated in investigation. 
Sex Subject Age 
(years) 
Height 
(M) 
Weight 
(Kg) 
1 19 1.65 82.75 
m 2 20 1.85 83.14 
A 3 22 1.76 77.14 
L 4 25 1.81 72.77 
E 5 23 1.74 80,69 
S 6 22 1.82 72.42 
7 20 1.79 69.73 
8 21 1.75 68.62 
9 20 1.75 77.3 
F 10 23 1.53 55.5 
E 11 19 1.66 70.94 
m 12 20 1.7 60.9 
A 13 18 1.74 60.38 
L 14 18 1.72 71.5 
E 15 19 1.7 58.57 
s 16 23 1.78 60.07 
Mean 20.75 1.73 70.15 
SD 2.05 0.08 8.89 
The conditions found in Indian tea gardens (Table 66), were simulated in a thermal 
chamber. As tea bushes were unavailable,, Rhododendron bushes were placed on tables 
in aisles. 
Table 66 Thermal conditions and energy expenditure levels prevailing in Indian tea gardens (From 
Sen et al., 1983) 
Parameter Mean 
Dry bulb temperature (T) 31.8 26.5-36.5 
Wet-bulb temperature (T) 27.6 25.5-29.0 
Relative humidity (%) 72.2 68.8-89.0 
Globe temperature (T) 34.0 27.7-37.2. 
Air speed (ms"') 1.05 . 21-2.29 Metabolic rate (plucking) 144 129-160 
Metabolic rate Lw!! ýý, ffiuLIl basketý 
__175 
8.3.1 Clothing 
The subjects wore a clothing ensemble typical of Indian agricultural workers(Figure 
24). Cotton underwear was wom. The males wore apunjabi (a long sleeved, thigh 
length shirt, 65% cotton, 35% polyester) and a lungi (an ankle length wrap-around, 
100% cotton). The females wore a shalwar kamize (a long sleeved, thigh length blouse, 
65% cotton, 35% polyester with tight fitting pyjama style trousers, 65% cotton, 35% 
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polyester). No footwear was worn. The effective clothing insulation of the male and 
female ensembles was estimated using ISO 9920 to be 0.5 clo and 0.46 clo respectively 
(Table 67). 
Table 67 Clo values of garments worn according to estimations from ISO 9920 
Male Clothing (clo) Female Clothing (clo) 
Underwear 0.03 0.04 
Shirt 0.19 - 
Lungi 0.28 - 
Kamize - 0.25 
Shalwar 0.17 
Total 0.5 0.46 
8.3.2 Environmental measurements 
All measurements were made according to ISO 7726. The characteristics of each 
measuring instrument were within the range, accuracy and response time of class s 
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(thermal stress). As the environment was judged to be homogenous, measurements 
were taken at abdomen height, 1.1 m (ISO 7726). 
8.3.2.1 Air temperature 
Air temperature was measured using a Brael & Kjwr shielded air temperature 
transducer (NW 0034) and recorded at six minute intervals using a Brdel & Kjwr type 
1213 indoor climate analyser. 
8.3.2.2 Radiant temperature 
Mean radiant temperature was measured using the black globe thermometer. The globe 
was left for twenty minutes to reach equilibrium. A Grant type EU thermistor, placed 
in a matt black globe (radius 150 mm) recorded the globe temperature at one minute 
intervals using a Grant 1200 Series Squirrel datalogger (Type SQ16-16U). From the 
globe temperature, it was possible to calculate the mean radiant temperature. 
8.3.2.3 Humidity 
Humidity was measured using a Briiel & Kjwr humidity transducer (MM 0037) 
(accuracy ± 3%) and recorded at six minute intervals using a Briiel & Kjwr type 1213 
indoor climate analyser. Vapour pressure was then calculated using Antoines equation. 
8.3.2.4 Air Velocity 
Air velocity was measured using a Brael & Kjxr NM 0038 air velocity transducer 
(accuracy ± 0.05 m/s), based upon the constant temperature anemometer principle. It 
was recorded on the Brael & Kjwr type 1213 indoor climate analyser at six minute 
intervals. 
8.3.2.5 WBGT 
The measurement of the WBGT index was made according to the specifications of ISO 
7243. The wet bulb globe thermometers consisted of a natural wet bulb thermometer 
(Grant CT-U-V3-1 probe (accuracy ±0. PC ) covered with a white wick of cotton 
gauze) and globe temperature (Figure 25). 3 wet bulb globe thermometers were placed 
at heat, abdomen and ankle height, a weighted mean value being taken. Measurements 
from the WBGT were recorded every minute using a Squirrel datalogger (Type SQ 16- 
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16U). The WBGT index was subsequently calculated from the formula for inside 
buildings with no solar load. 
Figure 25 Wet Bulb Globe Thermometer 
8.3.2.6 Atmospheric Air Pressure 
Atmospheric air pressure was recorded using the Weather Reporter Mark 11 (AU 
Enterprises Ltd). 
8.3.3 Physiologkal Measurements 
8.3.3.1 Skin Temperature 
Skin temperature was measured at four points (Figure 26) with a weighting coefficient 
being used to calculate an estimate of the mean skin temperature (Ramanathan, 1964). 
The four point mean skin temperature was used because of its convenience; subjects 
could be prepared quicker with fewer points being recorded. Grant EUthermistors 
were used (epoxy coated with copper sensors, accuracy ± 0. PC), with recordings being 
made every minute on the Grant Squirrel logger (Type SQ16-16U and SQ32-16U). 
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Monitor Transmitter 
Upper Arm (0.3 
Anterior Thigh (0.2) 
Sports Heart Rate Monitor 
Wrist-Watch Receiver 
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Figure 26 Ramanathan's (1964) Four Point Skin Temperature sites and weighting, and Polar Sports 
Heart Rate Monitor 
8.3.3.2 Heart Rate 
Heart rate was monitored using Polar Sports Testers. These recorded the heart rate 
every minute. 
8.3.3.3 Sweat Loss 
Sweat loss was calculated from the body mass loss. In order to measure the amount of 
sweat lost,, the subjects were weighed (Mettler IDI Multi-range Digital Dynamic 
Scales) semi-nude before exposure followed by their clothes being weighed separately. 
They were again weighed semi-nude after exposure and their clothes were weighed 
separately. It was then possible to calculate the total amount of sweat lost from the 
body, the amount of sweat trapped in the clothing and the amount of sweat that had 
evaporated. 
8.3.3.4 Metabolic Rate 
Metabolic rate was measured using the Douglas bag indirect calirometetry method. The 
volume and content of the expired air was measured using a Harvard Dry Gas Meter 
(accuracy ± 1.5%); oxygen content using a Servomax Oxygen Analyser type OA 570 
(accuracy of 0.1% full scale): and carbon dioxide content using an ADC Carbon 
Dioxide Monitor Type SS I (with a stated accuracy of ±2% over full deflection). The 
temperature of the air sample was measured using a Light Laboratories Temperature 
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Scale in-line thermocouple. Expired air was collected over a duration of four minutes 
following a one minute assimilation period. This was done after 30 minutes, 1 hour and 
90 minutes. 
8.3.3.5 Core Temperature 
Core temperature was measured using aural thermistors (Grants, Cambridge Ltd. ), 
placed in the external auditory meatus of each ear secured with cotton wool and ear 
phones. Measurements were recorded every minute. 
8.3.4 Calibration 
Before being used, it was necessary to calibrate all the thermistors. They were 
calibrated in a Grant water bath with a water temperature of 38'C (taken to be an 
average temperature for many of the measuring points expected during the 
investigation). All thermistors were found to be correctly calibrated within a range of 
+/-0.2'C. The calibration was repeated after the experiments to ensure accuracy. The 
Oxygen and carbon dioxide meters were calibrated the morning of every session with 
pure calibration gasses according to the manufacturers instructions. 
8.3.5 Procedure 
A pilot study was run to evaluate the experimental procedure. The experimental 
method and measurements were found to be suitable for the aims of the experiment. 
The subjects were firstly asked to give their consent to participate in the study and 
presented with an outline of the study describing what they were to do. It was made 
clear that they could withdraw from the study at any time and were under no obligation 
to give reasons. 
Two subjects, one male, one female participated in each session. Before entering the 
thermal neutral room they were weighed semi-nude (twice to ensure accuracy) Their 
clothing ensemble was weighed separately. Calibrated thermistors connected to Grant 
Squirrel data recorders were attached to the skin in 4 places (See Figure 26) and in the 
left and right external auditory meatus. Heart rate monitors were put on and oral 
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temperatures taken. Subjects sat in the thermal neutral room for ten minutes or until the 
thermistors had reached equilibrium. 
The subjects were taken to the thermal chamber, and a further explanation of the 
procedure was made. They were shown how to carry the tea basket, initially on the 
head, however if any discomfort was felt they should move it onto their shoulders. The 
subjects were requested to walk around the 'tea bushes". and randomly pluck leaves, 
one at a time, from the 'bushes'(Figure 27). These were replenished when necessary by 
the researcher. Steps were positioned around the circuit to simulate the terrain in a tea 
plantation, Every ten minutes the subjects physiological measurements and the 
environmental parameters were noted. Metabolic rate for each subject was taken 
sequentially after 30,60 and 90 minutes. The subjects were allowed to drink a 
controlled amount of water on request. At the end of the experiment the subjects were 
led out of the chamber, and again weighed semi-nude. Their clothes were weighed 
separately. 
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Figure 27 Subject plucking leaves in chamber 
8.3.5.1 Identification of ambiguities and evaluation of usability 
Usability of the standards was expertly evaluated according to nine basic usability 
principles, known as heuristics (Table 68). Each paragraph as presented in the 
standards was read and analysed according to these heuristics, and problems were 
subsequently identified. 
Table 68: Heuristics used in evaluation (after Nielsen 1992) 
Use simple and natural language 
Speak the user's language 
Minimise user memory load 
Be consistent 
Provide feedback 
Provide clearly marked exits 
Provide shortcuts 
Provide good error messages 
Provide sufficient information 
Prevent errors 
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8.4 Results 
8.4.1 Environmental Conditions 
Climatic conditions were maintained at similar values to the maxima found in Sen et 
al., (1983). Whilst it was not possible to simulate a radiant heat load, t, was maintained 
within LOOC of ta. Due to the cyclical nature of the chamber temperature regulation 
controls,, the air temperature,, humidity and WBGT within the chamber fluctuated. 
These fluctuations were within ±2 standard deviations of the mean. Mean values for 
the environmental parameters over all 8 sessions are presented in Table 69. 
Table 69 Mean environmental parameters for each session in the thermal chamber. WBGT 
reference values are according to the mean metabolic rate for subjects in each trial 
Session ta tr V RH WBGT Reference Value Reference Value 
Number CC) CC) (m/s) N) (OC (non-acclimatized) (acclimatized) 
(OC) (OC) 
1 37.10 36.48 0.24 65.10 32.07 26.00 29.00 
2 36.96 36.69 0.13 68.10 33.20 29.00 29.00 
3 36.86 36.48 0.13 70.71 33.43 26.00 26.00 
4 37.53 37.30 0.16 70.86 34.06 26.00 29.00 
5 37.32 37.00 0.17 72.10 33.69 26.00 32.00 
6 36.88 36.89 0.11 71.81 33.69 2600 29.00 
7 37.56 37,17 0.21 70.71 33.64 26.00 29.00 
8 37.21 36.90 0.17 71.95 33.63 26.00 29.00 
Mean 37.18 36.86 0.17 70.17 33.43 
s. d. 0.28 0.30 0.04 2.41 0.60 
8.4.2 WBG T 
The mean WBGT (weighted over time and according to the three positions measured), 
for all sessions was 33.43'C with a standard deviation of ± 0.60'C. The WBGT values 
were consistently above the reference values for moderate and high metabolic rates in 
all the sessions and above the values for all low metabolic rates in all but the first hour 
of session 1. 
8.4.3 Physiologkal parameters 
Aural and four point mean skin temperature, body mass loss and 
heart rate were 
obtained for all subjects. Two female subjects withdrew of their own volition after 
80 
minutes. Their results were not included in the statistical analyses. 
Male and female 
results for all physiological responses were compared using the 
Mann-W itney () test. 
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The mean aural temperature for all subjects steadily rose, reaching the ISO 7933 alarm 
limit (+0.8'C) after 83 minutes (Figure 28). The final mean aural temperature was 
37.97'C (SD==0.24). There was no significant difference between the male and female 
temperatures. 
Figure 28 Mean aural temperature and standard deviation for all 16 subjects 
8.4.3.1 Skin temperature 
The mean four point skin temperature for all subjects rose rapidly for the first 20 
minutes before levelling around 36'C. No significant difference was found between the 
final male and female four point mean skin temperatures. 
8.4.3.2 Sweat loss 
There was a significant difference between the male and female sweat lost (P<0.05); 
whilst the mean male sweat lost was 1.155Kgs (SD=0.277), the female mean sweat loss 
was 0.657Kgs (SD=0.0.5). Greater vapour permeability was found in the female 
clothing ensemble with 6 times more sweat being trapped in the male clothing than 
with the female clothing. 
8.4.3.3 Heart rate 
The heart rates for all subjects gradually rose throughout the experiment, however at the 
end male heart rates were significantly higher (p<0.05) indicating that the males were 
under greater strain than the females. Subject 10 had a heart rate of 168bpm when she 
withdrew. Sen et al., (1983) found a mean heart rate of 115bpm whilst plucking tea 
leaves. They do not indicate at what intervals heart rates were taken. It may however 
be assumed that the heart rates in this experiment are greater than those of Sen et al., 
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(1983) towards the end of the two hour exposure because of the thermal strain 
experienced by the unacclimatized subjects. 
8.4.3.4 Metabolic rate 
The mean metabolic rate for all samples taken was 126.27W/M2 (SD=22.76). This was 
less than that of the Indian workers this study was simulating (129-16OW/m ") (Sen et 
al., 1983). Such a difference may be attributed to the Indians being skilled at tea 
plucking, whilst the Western subjects were unfamiliar with the correct techniques. 
There was no significant difference between the male and female metabolic rates taken 
after 30 minutes and 90 minutes. Significant differences however were found between 
males and females in the samples taken after 60 minutes (p<0.05) and for the mean 
metabolic rates (p<0.05). 
The accuracy of the analysis of the expired air may be questioned. Due to the slow 
response time of theC02gas analyser a constant reading during the evacuation of the 
sample was not always possible. This is consistent with Parsons and Hamley (1989), 
who suggest significant inaccuracies with the method of indirect calorimetery. This 
may also account for differences between this study and the results of Sen et al., (1983) 
and suggests a source of inaccuracy for the standards. 
8.4.4 Comparison of ISO 7933 predictions with actual observed 
results 
No significant difference was found between the actual final 4 point mean skin 
temperature and the mean skin temperature(tsk)predicted by ISO 7933 for the male 
subjects. A significant difference was however found between the actual and predicted 
mean skin temperatures for the female subjects (p< 0.05) and for all subjects (p< 0.02). 
Measured evaporation (E,,,, ) was found to be consistently greater than E,,,, (Table 70, 
Figure 29). ISO 7933 for all but one subject (subject 5) significantly underestimated the 
sweat rate (SWp) for all the subjects together and for the male subjects, however the 
predicted sweat rate was accurate for the female subjects (Table 71, Figure 30). 
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Table 70 Differences between actual and predicted evaporation (Wilcoxon Match Pairs Signed 
Ranks test. ) 
E,,. E. ax E. 
All Subjects E,,,, N/S 0.002 0.002 
Male Subjects E.. 0.05 0.002 0.002 
Female Subjects E.,,, N/S 0.002 0.002 
Figure 29 Actual hourly rate of evaporation (EeJ, and predictions made by ISO 7933 (Ep, E. and 
Ereq) for all subjects. Subjects 1-8 are male, 9-16 female. Note that results for subjects who 
withdrew are not presented 
Table 71 Differences between actual and predicted sweat loss (Wilcoxon Match Pairs Signed Ranks 
test). 
SW,,,. SWP SW,,,,,, (Alarm) SW..., (Danger) 
All Subjects SW. 0.02 0.02 N/S 0.02 
Male Subjects SW. N/S 0.02 N/S N/S 
Female Subjects SW. 0.05 N/S N/S 0.05 
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Figure 30 Actual hourly sweat rate SW.,,, and predictions made by ISO 7933 (SWp, SW. and 
SWreq) for all subjects. Subjects 1-8 are male, 9-16 female. Note that results for subjects who 
withdrew are not presented. 
Of the 16 subjects, 12 recorded core body temperatures which reached the ISO 7933 
alarm limit, whilst only 8 reached the danger limit. Of all those whose temperatures 
reached the alarm limit (n=12), the actual time taken was significantly different from 
the time predicted (p<0.05). There was however no significant difference between the 
predicted and actual values for the females. Of all those whose temperatures reached 
the danger limit (n=8, six being males), the actual time taken was significantly 
different from the time predicted (p<0.02). 
8.5 Discussion 
8.5.1 Validity of ISO 7243 
The reference values are based upon the ability to work in a thermal environment 
without exceeding a deep body temperature of 38'C "over a fairly long period of work" 
(ISO 7243). If the reference values are exceeded, a rise in body temperature can be 
expected. The reference values were exceeded for all subjects, with 6 male and 3 
female subjects reaching or exceeding the 38'C limit after two hours. ISO 7243 thus 
recommended either a direct reduction of the heat stress, or more detailed analysis to be 
carried out. The results therefore indicate that ISO 7243 was successful in evaluating 
the stressfulness of the environment. This is consistent with Hill and Parsons (1985) 
and Griefahn (1994,1997). 
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8.5.2 Validity of ISO 7933 
The reference values of ISO 7933 protected all but one of the subjects. It was generally 
over protective, predicting alarm limits (t,,, =37.8'C) and danger limits (t,. =38'C) to be 
reached before the measured values. In only one case was the alarm level reached 
before the predicted time (subject 5). Whilst 50% of subjects experienced an excessive 
rise in body temperature to the danger level, this occurred after a consistently longer 
period than that predicted. It can therefore be seen that ISO 7933 was over protective 
and subjects could have worked for longer than the standard permitted. 
8.5.2.1 Clothing 
Reasons for the poor predictions of ISO 7933 can be identified to be primarily 
concerned with clothing. ISO 7933 gives a list of the estimated thermal insulation of 
various clothing ensembles. They are taken from ISO 9920 (Ergonomics of the thermal 
environment- Estimation of the thermal insulation and evaporative resistance of a 
clothing ensemble) and there are no estimates given for clothing other than western 
garments and various forms of protective clothing. The values for the clothing in this 
study were estimated using ISO 9920 on comparable western clothing of similar 
composition as a guide. The accuracy of this method may be questioned, the 
consequences of which may be reflected in theSW, qcalculations. 
8.5.2.2 Estimation of rate of evaporation 
In the given environment, the rate of evaporation was greater than predicted by ISO 
7933. Thus the sweat rate, and consequently the limits for exposure (DLEs) were 
underestimated. E,,,,,, is calculated from environmental parameters and from the 
permeation efficiency factor of clothing (Fp, j), hence; 
E,,,,,, = heFpcl(Psks-Pa) 
Where: 
he ý evaporative heat transfer coefficient (W/m 2 kPa) 
Fp,, = permeation efficiency factor (Dimensionless) 
P,, = partial pressure of water vapour in air (kPa) 
P, k,, = saturated water vapour pressure at skin temperature (kPa) 
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Fp, l is derived from the intrinsic clothing insulation, 1,1. Il does not account for anY 
pumping effect of clothing which can reduce the thermal insulation of clothing by 20% 
(Holmer et al., 1992). In this study the clothing worn by subjects was loose and was 
seen to allow considerable movement and subsequent "pumping". If FP'J is adjusted to 
account for this pumping, E,.,,,,, will subsequently be dramatically increased. 
Furthermore, Fp, l neglects the effects of moisture absorption by the clothing material 
(Kerslake 1972). It is unreliable for saturated clothing involving wicking and 
evaporation of water from the clothing surface (Parsons 1995). The clothing in this 
study trapped much moisture and this may be expected to have an added effect on the 
calculation for E,,,,,. 
If E,,,,, is increased to account for the limitations of the estimation of the vapour 
permeability of clothing, derivations from it, giving values for wettedness (wp andWreq)i, 
and evaporation (Ep) will also be altered. With a greater maximum rate of evaporation 
possible in the environment, DLEs will consequently be increased. 
8.5.2.3 Mean skin temperatures 
Predicted skin temperatures Qkp) were significantly less than those measured for 
female subjects and all subjects together. Only for the male subjects was tskp accurate- 
Although the differences were small (within ±0.9'C), underestimatingtskcan lead to 
important errors in the heat balance equation (Mairiaux and Malchaire 1988) including 
an underestimation of E,,,,,,. tskis derived from multiple linear regression techniques 
which have been considered to be over simplistic (Parsons 1995). An improved 
estimation of tskp is required. 
8.5.2.4 Comparison with core temperature 
The environmental conditions did not allow significant dry heat loss, respiratory 
convection, and evaporation. Convection and radiation from the skin were relatively 
small when compared with evaporative loss. Any heat loss balanced with the metabolic 
heat production M This can be seen in the calculations from ISO 7933 with M roughly 
equalling E,,, q- In such conditions, Eqcould be used as a rough estimate for the 
metabolic rate. Indeed there was no significant difference between E, qand E,,,, for all 
subjects, with no significant difference between E,,,, and M Only for the male subjects 
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was Emes significantly greater than E,,, q, SO these results suggest that Ereqwas, 
achievable. The actual results however, from the subjects, show that storage was 
occurring, the mean T,,, having risen to 37.97'C (s. d. =0.24) at the end of the 2 hour 
exposure. It is thus apparent that E,,, qwas incorrectly calculated by ISO 7933. It also 
raises the issue of whether the body allows heat storage as a function of E,., qas a form 
of thermoregulatory control. 
For E, qto be incorrect , inaccuracies must be identified in the heat balance equation. 
These can occur at a number of levels, and assumptions of practical significance must 
be tested. Of particular importance will be estimates of metabolic heat production and 
of quantifying the thermal properties of clothing. 
When sweat loss is lower than the maximum sweat loss possible in an environment, the 
human thermoregulatory system can maintain the body in thermal equilibrium. Similar 
to results for the rate of evaporation, the measured sweat rate was significantly lower 
than theSwreqand SW,,,,,, indicating that there was no storage, yet storage was seen to 
occur. Inaccuracies in calculations of E, qand E,,,,, are possible reasons for this 
anomaly. 
SWreq IScalculated from the following formula using 
Eeqand E,,,,,: 
Swreq 
- 
Ereq 
rreq 
Where: 
req 
rr, 
q= -2 
And: 
Ereq 
req Emax 
With inaccurate values for E,, qand E,,,,,, as 
discussed above, SWreq ISsubsequently 
inaccurate. 
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8.5.3 Validity of the present study 
The physiological responses of the female subjects who withdrew from the 
investigation did not suggest they were suffering from heat stress. Subject 10 withdrew 
after 78 minutes with an aural temperature of 37.5'C, mean skin temperature of 
34.22'C and a heart rate of 160 bpm(mean over the last 5 minutes). Subject 14 
withdrew after 76 minutes with an aural temperature of 37.5'C, mean skin temperature 
of 34.22'C and heart rate of 160 bprn. (mean over the last 5 minutes). These 
withdrawals may be attributed to reactions to the odoriferous rhododendron leaves in 
the chamber. With 50% of the air within the chamber being recycled, the olfactory 
environment became more unpleasant as each trial progressed. The experimenter 
experienced headaches towards the end of each trial; with little activity and progressive 
acclimation over the trials, this may not be solely attributed to the heat. 
The Western subjects were unskilled in the task of tea leaf plucking. They worked 
considerably slower than those in the Sen et aL, (1983) experiment and sustained a 
lower metabolic rate. Whilst this may be due to the lack of incentives for the chamber 
subjects to work hard, it is more likely that the metabolic rates obtained were 
inaccurate due to the slow response times of the equipment in measuring the oxygen 
and carbon dioxide content of expired air from the Douglas bags. 
With the exception of the lack of solar radiation, the thermal conditions in the chamber 
simulated those found in previous studies conducted in tea plantations in India. Solar 
radiation will present a significant thermal load on workers; many tea pluckers wear 
wide brimmed hats called 'Jhapi' (Sen et al., 1983) to protect them from the high 
radiant loads. It was not possible to include such radiant heat in this simulation. 
It may be argued that the present study is flawed in the use of Western as opposed to 
indigenous Indian subjects. Whilst differences have been observed between different 
ethnic populations in their responses to heat, these can usually be attributed to 
differences in dietary habits, physical activity and acclimatization. Ethnic origin has 
not been found to have a modifying effect on human reactions to heat (Khogali 1992). 
It is reasonable to assume that the subjects were healthier than their Indian working 
counterparts, as populations in II)Cs may be affected by diseases prevailing in the 
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community, (Phoon and Tan 1992). The standards consider subjects to be fit and 
healthy, such a premise may not always be possible in IDCs- Permissible exposure 
times could be expected to be reduced for less healthy subjects. The present study did 
not consider this. 
Similarly, ISO 7933 considers body sizes that may not be found in 1DCs. Values given 
for SW,,,,, and D,,,,,, are for a "standard subject with a body surface area of 1.8m 2,, . This 
standard value is for a 70Kg man of height 1.73m (Parsons 1993), i. e. a mean Western 
stature and weight. In II)Cs where populations are often anthropometrically smaller, 
this value may not be valid. Anthropometric data from 44 Indian references found the 
mean body surface area from diverse male Indian groups to be 1.54M2 (Wisner 1989). 
The mean body surface area of the female tea pluckers in Sen (1983) was 1.29m 2 
considerably less than the standard value given in ISO 7933. 
The choice of subjects may be criticised for their lack of acclimatisation. 
Acclimatisation is a relative and reversible process. Whilst workers in hot countries 
may be expected to be acclimatised, a period away from the heat may be expected to 
negate such heat tolerance. Acclimatisation cannot therefore be presumed. 
Furthermore, calculations in the standards allow for the effects of acclimatisation. With 
these factors considered, it was not considered necessary for subjects to be of Eastern 
origin. 
Most of the work on standards is derived from research carried out in industrialised 
countries. This study has investigated whether standards relating to heat stress are 
transferable to II)Cs and whether they are appropriate for use in countries where social, 
organisational and environmental conditions may be very different in terms of validity, 
ambiguity and usability. The standards assume workers to be '(. in good health and fit for 
the work they perform" (ISO 7933). Such assumptions cannot always be made in 1DCs 
where diseases in the community may prevail, the work force may include young people 
and children, and hours of work are often longer (Phoon and Tan 1992). Furthermore, 
unlike in many industrialised countries, there may be no pre-employment examination 
of workers whose health status may not be satisfactory. Thus Phoon and Tan (1992) 
argue that workers in II)Cs may need higher standards for the protection of their health. 
The results of this investigation suggest that ISO 7243) adequately protects the healthv 
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unacclimatized workers in the Indian agricultural tasks; the results would suggest that 
ISO 7933 should be used for a more detailed analysis. ISO 7933 however, was found to 
be over protective, predicting limits for exposure to be reached sooner than is observed. 
It is apparent that revisions in its calculations are required; specifically with estimation 
of mean skin temperature and permeation efficiency factor of clothing. 
8.6 Usability results and discussion 
8.6.1 Usability of ISO 7243 
The usability of ISO 7243 was expertly evaluated using a number of heuristics as 
presented in Table 68. The key usability problems and the heuristics that identified 
them (in italics) were as follows: 
Problem 1. ISO 7243 instructs for a rapid evaluation, a single measurement is to be 
taken "at the level where the heat stress is maximum. " No instructions are given to 
establish where this position might be. (Provide sufficient information) 
Problem 2. ISO 7243 differentiates between a homogenous environment and a 
heterogeneous envirom-nent yet gives no method for establishing the heterogeneity of 
the environment save carrying out a full analysis on a previous occasion. (Provide 
sufficient information) 
Problem 3. Where the environment is heterogeneous The standard describes 
measurements to be taken "at three positions corresponding to the height of the head, 
abdomen and ankles in relation to the ground... when seated, 0. Im, 0.6m and 1.07m 
above the floor. " This assumes the Western sitting posture, measurements are not given 
for the squatting posture which is common amongst many IDCs. (Provide sufficient 
information) 
Problem 4. A guide for establishing work-rest cycles is provided in the standard's 
annex. This is not referred to in the body of the standard. There is no explanation as to 
how it should be used and it is only appropriate to persons accliniatised to heat. (Be 
consistent, provide sufficient information) 
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Although several ambiguous assumptions were noted, no major usability problems 
identified in the evaluation. ISO 7243 was found to be inherently usable. The language 
used whilst being technical was understandable and easy to follow. Much of the 
standard is dedicated to specifications and design of the Wet Bulb globe thermometer. 
This information is superfluous to the user who already has the thermometer. For such 
a user, the method for use is of primary importance. An improved presentation of this 
methodology, such as a step by step procedural guide would add clarity and make ISO 
7243 easier to use. If ISO 7243 is going to be used for establishing work/resting cycles, 
curves for unacclimatized workers, and a more detailed description of how they should 
be used should be provided. 
8.7 Usability of ISO 7933 
ISO 7933 describes a method for calculating heat balance and SW, from which the , eq 
thermal stress of an environment on a person can be assessed and if necessary be 
modified. Following the method as presented is a difficult and time consuming 
procedure with many calculations being required, A computer program is therefore 
presented to simplify the procedure. The evaluation of usability was thus divided into 
usability of the standard as a stand alone document, and usability of the standard using 
the program. The numbers in parentheses refer to paragraphs within the standard 
documentation. 
8.7.1 Paper based cakulation 
Problem 1. Each parameter for the heat balance equation is to be calculated according 
to equations given in the standard. These equations depend on data found in Annex A 
of the standard, resulting in much movement around the document to complete the 
calculations. The formulae should be presented in their entirety. (Minimize user 
memory load, consistency) 
,, and 
Er, ý, differ between the main steps of the Problem 2. The formulae for Cr, 
calculation (4.1.3-4) and in the annex (A. 1, A. 2), the 
former requiring the body surface 
area (AD)- (Consistency) 
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Problem 3. r,,, qis required to calculateSWreq(4.2) however there is no indication of 
how this is to be derived. (Speak the user's language) 
Problem 4. The saturated vapour pressure at the skin temperature (Pk, s) is required 
(4.1.8), however there is no formula provided to calculate this. (Provide sufficient 
information) 
Problem 5. A value for skin wettedness w is required (4.1.8) Whilst a definition is 
given, it is not clear how this value is to be arrived at. (Speak the user's language, " 
provide sufficient information) 
Problem 6 In Annex A. 4 the user is directed to equation 4 for a definition0f tsk. This 
definition is in fact to be found in Annex C. 1. (Prevent errors) 
Problem 7. The method of interpretation is not easily followed. Criteria of stress are 
given (5.1) however no data are given, for this the user must move to Annex C. 
(Consistency) 
Problem 8. In the analysis of the work situation, new parameters are introduced (wp, Ep, 
SWp). Choice of formulae to use depend upon a decision whetherWreqexceeds wmax* 
This analysis is not clearly explained. Whilst a flow chart is provided in Annex D (D. 3) 
this is not referred to in the body of the standard. (Minimize user's memory load, 
prevent errors, use simple and natural language, consistency) 
Problem 9. Values for Q,,, and D,,,,,, (5.3) are required. These are to be found in a 
table in Annex C, whilst referred to in (5.1), there is no reference to where they can be 
found when required. (Consistency) 
Problem 10. The garments and their combinations given in the estimation of thermal 
insulation of clothing ensembles (ISO 7933 Annex B, ISO 9920) are typically Western 
items. Estimates for ethnic clothing ensembles are not provided. For the user in an 
IDC these must be estimated either using calculations provided in ISO 9920 or using 
values from comparable clothing. (Provide sufficient information) 
The heuristic evaluation identified 10 ma or problems With the usability of the standard j 
as a paper based tool. These were predominantly consistency problems; throughout the 
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standard, the user must move around it to obtain all the information required for it to be 
used. Formula are not presented in a sequential order as required. Inadequate data 
were given to use the formula for each parameter in the main steps, the user must thus 
move to the Amex, returning periodically to substitute values into the main formulae. 
Whilst the presentation may be useftil for understanding the principles behind the 
standard, it is a hindrance to its usability. Presentation in a sequential, tabular format, 
with data and formulae being provided when required, with clear instructions, would 
considerably improve the usability of ISO 7933 as a paper based tool. In its present 
format, use is a tedious, time consuming and difficult procedure and is ultimately 
unusable for anyone but the most dedicated of users. The method presented involves 
many calculations and invites errors throughout the procedure. It was found to be 
difficult and complex in use; the procedure being time consuming and often giving 
inadequate information or support to the user. ISO 7933 can thus only be feasibly used 
as a computer program given in Appendix D. 2 of the standard. The usability of this is 
discussed below. 
8.7.2 ISO 7933 Required Sweat Rate Cakulation Program 
Problem 1. The parameters tr and tg, and twb and P,, are interchangeable. The program 
does not make this clear. (Consistency) 
Problem 2. The parameters are sequentially requested after an instruction so that when 
tr and P,, are not introduced the program computes them from tg andtn,, b- In entering 
the parameters tr and P. are requested separately from the values required. These 
parameters should be grouped together with instructions at the point of need. (Memory 
load) 
Problem 3. In order to make the environmental measurements, ISO 7726 should be 
referred to. Instructions to do this are not presented in the program. (Provide sufficient 
information) 
Problem 4. The program requires an input for Wet Bulb temperature. There is however 
no reference to, or characteristics of any such instrument being made in ISO 7726. The 
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measurement this in fact refers to is the psychchrometric wet temperature t.,,. 
(Consistency, prevent errors, provide sufficient information) 
Problem 5. The program provides no estimates for the body area fraction exposed 
(A, lAd,, ) Without prior knowledge the user must return to the paper based standard to 
find (with difficulty) the fractions presented in a sentence in the Annex A. 4. Prompts 
for AlAd,, should be given. (Speak the user's language, provide sufficient information) 
Problem 6 If mistakes are made during data entry, it is not possible to correct them, 
nor is there a prescribed quick method of terminating the calculation. This can be a 
problem if a number of sequences are being run. (Prevent errors, provide good error 
messages, provide clearly marked exits) 
Problem 7. The presentation of the interpretation is cluttered, the DLE being presented 
after predicted data. (Use simple and natural language) 
Problem 8. The interpretation is given in terms of "alarm" and "danger" criteria. The 
terminology differs from that found in the standard itself, in Annex C (C. 2) "alarm" is 
referred to as a "warning level". (Consistency) 
Problem 9. There is no risk for subjects suited to the environment analysed at the alarm 
criteria, yet a DLE is given. This is not made clear in the program's interpretation. (Use 
simple and natural language) 
Problem 10. There is no explanation of what is meant by "excessive increase in body 
temperature 11) , 46 excessive water 
loss" and "medical surveillance required" Action to be 
taken after the evaluation should be more explicitly provided. (Speak the user's 
language, provide sufficient information) 
Problem IL The standard includes an objective to determine modifications to an 
environment to reduce thermal stress. There is no method provided 
for doing this. 
Paragraph DA (Annex D) suggests carrying out the program several times, modifying 
the working conditions parameters to determine a safe working environment. 
Such a 
procedure is tedious and time consuming, a more structured method should 
be 
introduced. (Provide sufficient information) 
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The computer program makes ISO 7933 inherently more usable than the paper based 
calculation, however in evaluation a number of usability problems were identified, 
predominantly involving insufficient information presented to the user, thus increasing 
the users memory load. For use without reference to the standard itself, considerable 
expert knowledge is required, for example in estimating the thermal clothing insulation 
value and the body area fraction exposed, Being presented in the computer language 
BASIC the scope is limited, particularly in determining what parameters are required to 
remove risks to the exposed workers. A program that allows an iterative procedure 
would be preferable, giving the user the option of changing each variable without 
having to run the program several times. More information should be provided to aid 
the novice user in order to prevent usability errors. 
8.8 Conclusions 
U The limitations of ISO 7933 have already been well documented, (Mairiaux and 
Malchaire 19 8 8, Wadsworth and Parsons 19 86, Peters 1995 , Kampmann 
& Piekarski 
1995, and Parsons 1995). The results of the present study highlighted several of these 
limitations, questioning the validity of ISO 7933. The DLEs were found to be 'on the 
safe side', the standard warning of increases in core body temperatures before the 
actual temperatures were reached. The standard significantly underestimated the 
sweat rate, and rate of evaporation. It was concluded that the poor predictions of ISO 
7933 were largely due to the difficulties in calculating the permeation efficiency 
factor (Fp, j). 
U ISO 7243 adequately protected the workers, reference values being considerably 
exceeded. As there was only one experimental condition it was not possible to 
evaluate whether the reference values could be increased. Studies by Intaranont and 
Vanwonterghern (1993) suggest that in tropical environments the reference values of 
ISO 7243 can be increased. 
Q ISO 7243 was found to be a usable document with no major usability problems. 
J ISO 7933 is not usable as a document, it must be used as a computer program, 
included in the standard's Annex. The program has a number of minor usabihtý, 
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issues. These may be overcome by training. There is considerable scope for 
improving its presentation, to make iterations possible and provide a more 'user 
friendly' interface. ISO 7933 is unsuitable for use in II)Cs where the presence of 
computers cannot be relied upon. For use in practical situations a standard is 
required that maintains the principles without the complicated procedures. Such a 
standard may include a checklist or similar simple method. 
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9. 
Investigation into methods of 
quantifying the effects of moderate 
solar radiation on the human thermal 
thermoregulatory system 
9.1 Aim of Study 
This study presents an experimental investigation into thermal strain caused by solar 
radiation. The method for determining the solar load was based upon Gagge's (1972) 
observations that using Partitional callrometry the solar heat load can be deduced. If 
the amount of sweat produced is known under controlled conditions with no solar load, 
additional quantities of sweat produced in conditions under sunlight will be attributable 
to that solar load. The aim was thus to quantify the thermal load caused by solar 
radiation in simulated outdoor work and to validate existing prediction methods for the 
given outdoor envirom-nent. 
9.2 Introduction 
Present methods for evaluating heat stress do not adequately accommodate for the 
effects of solar radiation. Solar radiation can place a significant stress on the human 
thermoregulatory system. Heat stress whilst working outdoors in hot environments is a 
potential hazard, especially in II)Cs where a large proportion of workers are involved in 
agriculture. It was seen in chapter 6 that even without direct solar radiation, high mean 
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radiant temperatures were recorded. Discussion at the 1996 International Congress of 
Occupational Health conference suggested that heat stress from solar radiation affects 
workers in industries as diverse as Brazilian sugar-cane plantation workers to Australian 
Telecom employees working on exposed pylons. In order to conduct an ergonomics 
analysis of such working environments, methods that allow the short wave solar 
component of radiation to be incorporated should be considered. This chapter thus 
considers solar radiation, its effects on the human thermoregulatory system and presents 
an experimental investigation into thermal strain caused by solar radiation. 
9.2.1 Solar radiation 
The emission of thermal radiation is governed by the temperature of the source. As the 
temperature increases the radiation changes in character as well as quantity. The peak 
wavelength steadily shortens as the emitter temperature increases (McIntyre, 1980). For 
the natural human thermal environment there are two principal sources of radiation and 
thermal exchanges occur with these in their two distinct bands, short wave and long- 
wave. Solar radiation is the former, occurring in a range around 0.3[im, whilst the latter 
is that which usually surrounds humans, radiating from surfaces below about I OO'C and 
occurring at about 0.7 to 150[tm (Gonzalez 1993). Short wave solar radiation can 
present a significant stress upon the human thermoregulatory system. Indeed on a clear 
sunny day, the mean radiation incident on the human can amount to about 267W/M2 
(Burton and Edholm, 1955). 
In calculating the amount of solar radiation absorbed by the human body, many factors 
must be considered. These include the solar intensity which will be affected by 
moisture and dust in the air and clouds, the surrounding terrain (for example difluse 
radiation will be greater on sand than on grass), cloudiness; cross sectional area 
presented by the body to the sun's rays; solar incidence (azimuth and altitude of the 
sun); geographical location (altitude, latitude); and clothing (absorbtance/transmission, 
thickness). Some of these factors will vary in opposite directions; for example when 
the sun is low the intensity will be low however the cross sectional area will be greater 
(Burton and Edholm, 1955). 
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When measuring stressful environments radiation is generally considered as the mean 
radiant temperature. This is calculated from the temperature of a standard matt black 
globe of standard size (150mm diameter). This however has limited validity in 
measuring solar radiation, with the absorbtance of globe surface greater than skin or 
clothing and hence the radiant temperature is overestimated if the sun is the principal 
source of radiant heat (Gagge 1972). 
9.2.2 Sweat loss and Solar Load 
According to the heat balance equation, heat transfer between the human and the 
environment must remain in equilibrium to maintain the body temperature between 
certain limits. Sweating mechanisms, facilitating evaporative heat loss, will respond to 
rises in environmental stresses. Hence evaporative heat loss is the best single 
physiological index of human environmental stress (Gagge 1972). If the 
thermoregulatory system is exposed to stress from a solar load, the sweat rate Will 
consequently increase. Gagge (1972) cites studies by Gosselin (1947) who compared 
the average sweat rates of soldiers in the sun and in the shade in similar ambient 
conditions and found an average change of 165 g/h (63.5W/M2) . From 
heat balance 
equations Gagge attributed this rise to the net radiant load on the body (i. e. the effective 
radiant temperature equals the sweat lost divided by the clothing area factorfj). 
Making several assumptions, and using the increase in sweating to calculate the solar 
heat load, Gagge was able to deduce from Gosselin's results the total incident 
iffadiation from the sun. 
The interaction between the effects of solar radiation, activity, clothing and posture on 
the sweat rate have been investigated by Givoni (1976). Body surface area exposed to 
the solar load also has a significant effect on sweat loss due to solar radiation, (Table 
72). Whilst clothing was found to reduce the sweat rate (Table 73), the effects of 
clothing on heat absorption is governed by a number of factors. These include the 
colour of clothing, which has small yet significant effect, (i. e. heat absorption in 
black 
garments is greater than in white garments, Nielsen 1990); transparency of the surface 
material; and the insulation values of both the clothing and the air layer. 
For example 
additional heat absorbed by loose fitting black robes is lost through convection 
before it 
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reaches the skin (Shkolnik etal., 1980). The wearing of a hat that intercepts the solar 
beam similarly reduces the thermal solar load. Sen (1983) notes that the use of a wide 
brimmed hat, a 'Jhapi' creates a micro-environment which produces a significant 
decrease in the thermal strain of workers. Such a personal protective device however 
would have negligible effect in conditions with a large diffuse solar radiation 
component. 
Table 72 Effect of posture on weight loss (g/h) due to solar radiation (Givoni, 1976) 
Air Ve qci Watking 
341 259 
2.5 306 220 
Table 73 Effects of solar radiation on elevation of sweat rate (g/h) in relation to clothing and work 
(From Givoni, 1976) 
ActiyýV__ 
_ _____5-emi-nude 
Clothed Difference 
Sitting 324 132 192 
Working 240 176 64 
Mean 282 154 128 
9. Z3 International Heat stress Standards and solar radiation 
International standards have been developed to evaluate thermal strain and allow 
modifications to be made to reduce the thermal stress. 
ISO 7933 is one such standard and is based upon the heat balance equation predicting 
the amount of evaporation (E,, q) required to maintain thermal equilibrium, hence: 
Ereq=M-W-Cres-Ems-C-R 
Where: 
M =metabolic power 
W =mechanical power (usually taken to be zero) 
Cre, =respiratory heat loss by convection 
Er,, =respiratory heat loss by evaporation 
C =heat exchange on the skin by convection 
R =heat exchange on the skin by radiation 
ISO 7933 was developed and validated using data from subjects in laboratory based 
thermal chamber trails (Vogt et aL, 1981 , Wadsworth and 
Parsons 1986) and evaluated 
using data from industrial field conditions such as foundries and coal mines (CEC 
1988). Little work has been done on the validation of ISO 7933 for use in hot outdoor 
conditions. In their experiments investigating heat balance during exercise in the sun, 
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Nielsen et aL, (1988) concluded that predictions of sweat loss based upon chamber 
experiments will under estimate values for outdoor exercise in the sun. In its 
calculations for radiant heat transfer, ISO 7933 fails to accommodate for short wave 
solar radiation generated by the sun, the radiate heat transfer coefficient being estimated 
from data obtained from the black globe thermometer, the limitations of which have 
already been mentioned. The scope of ISO 7933 recognises that in its present form the 
standard is not applicable to cases with high radiant temperature (ISO 7933). No direct 
method of measurement is available for determining the amount of heat gain by the 
body from solar radiation (Blazejczyk, 1993). A method of estimation of the solar heat 
load that can be incorporated into heat transfer equations is thus required. 
9.3 Review of different methods of Estimation of Solar 
load 
There have been a number of studies attempting to estimate the effects of solar load on 
the human thermoregulatory system. These have either been based upon measurements 
made from heated manikins or cylinders, or from physiological responses to solar 
radiation. They generally calculate the intensity of the solar radiation (direct, diffuse 
and albedo); the geometry of the human body (i. e. body surface area exposed) and 
clothing, both the thermal insulation and the absorbance/reflectance of its surface. 
Whilst Blazejczyk et aL, (1993) reviewed a number of methods for estimating the solar 
heat load on the human thermoregulatory system, only three investigated included a 
clothing factor in their calculations. Furthermore, they used mean skin temperature as 
an indicator of physiological strain, correlating it with predictions of solar heat load 
from the reviewed methods. This method however is limited in so far as skin 
temperature alone does not give a valid evaluation of thermal physiological strain (ISO 
9886). 
The following are models that are suitable for estimating solar radiation with clothing, 
in a practical application. 
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9.3.1 Solar heat gain 
Heat transfer formulae for calculating radiation, such as in IS07933 consider indoor 
situations where the surrounding surfaces are at a fairly uniform temperature. The 
radiant temperature may be given as: 
rj4 (T _Tr4) R ci 
Where 
6= Emmitance of the body 
a= Stephan Boltzman constant 
Effective radiation area of body 
Area factor of clothing (1 +0.151, 
T, j Mean surface temperature of the body 
T, Mean radiant temperature 
Solar radiation can be treated somewhat differently from the long-wave heat exchanges 
that are usually considered in these heat transfer calculations (Kerslake, 1972) and its 
contribution to the total heat load may be expressed as the additional heat absorbed by 
the skin or clothing. The total heat gain from direct sunlight is given by: 
R, =Apalt,, t 
Where 
R, = Solar heat load 
AP= Projected area for the prevailing solar angles 
a= Absorbtance of clothing 
Ito, = Total solar radiation 
It is hypothesised that this calculation for short wave radiation can be incorporated into 
IS07933 to provide a more accurate prediction of radiative heat exchanges. 
9.3.2 Breckenridge and Goldman (1972) 
Roller and Goldman(1968), subsequently modified by Breckenridge and Goldman 
(1972) presented a model for predicting the solar heat load on humans in a given radiant 
environment. In Blazejczyk et al. 's (1993) review, they found the Breckenridge method 
to make the best predictions. The model was based upon measurements from an 
electrically heated copper manikin and considered the solar intensity, clothing 
characteristics, the persons size, position and orientation to the sun and wind speed. 
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The calculations for predicting the solar heat load consisted of six equations, describing 
the separate heat loads resulting from absorption and transmission. Total solar heat 
load is the sum of these loads, respectively of direct sunlight, diffuse sky radiation and 
terrain reflected sunlight, thus R, (W/M2) is the sum of 
Transmitted direct load 
Absorbed direct load 
Transmitted diffuse load 
Absorbed diffuse load 
Transmitted terrain load 
Absorbed terrain load 
Where 
Aof,,, vp ff 
A f,,, Yj 
, PaUI 
ADfacl Yz + 
)1h 
d 
12 
Dfacl Yz + 
Yh 
allId A1 2- 
ALfaclyh'rl,, 
AQf,,, 
clyh z-UIt, 
AD= Nude (Dubois) surface area (M) 
I= Direct solar intensity (W/M 
2) 
Id= Diffuse solar radiation (W/M2) 
It, = Terrain albedo, (W/M2) 
a= Absorbance of clothing (%) 
It--- Transmitance of clothing (%) 
U= Reduction in heat dissipation from the skin with sunlight (dimensionless) 
yp, y,, yh, and fa are dimensionless ratios expressing the projected or "silhouetted" 
areas. 
9.3.3 Burton and Edholm (1955) 
Burton and Edholm (1955) considered a rational approach to solar heat gain, 
considering the effects of solar radiation as a correction to the air temperature to give an 
equivalent shade temperature. From an estimation for radiation energy, they proposed 
the thermal radiation increment (TRI) that gives an "equivalent" temperature that 
corrects air temperature for the solar heat load. This has been incorporated by the 
BOHS (Youle et aL, 1990) in their thermal environment technical guide for estimating 
a correction factor for solar radiation incident on the body. 
The factors for solar radiation that Burton and Eldholm considered were the absorbance 
of the clothing, a solar constant for radiation above the clouds and an estimation of 
44average cloudiness". Thus the magnitude of radiation energy (Rs) is given in the 
following formula: 
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R =58.12 4.6(1 - 0.9 x) x" w, M2 -ýO 06) 
Where 
X-- Average cloudiness (meteorological system, e. g. 3/10 cloudy) 
cr-- Absorbing power of clothing 
Burton and Edholm, validated their predictions of R, from physiological results of 3 
semi-nude subjects sitting in direct sunlight; the difference between heat loss from 
evaporation and heat production being an estimate of heat loss by radiation once heat 
transfer from convection had been accounted for. Their calculations for R, however is 
simplistic in that it does not account for the solar radiation area on the human body or 
any meteorological data relating to the solar intensity. 
9.3.4 Index of Thermal Strain (ITS) (Givoni, 1963,1976) 
The Index of Thermal Strain (ITS) (Giovoni, 1963,1976) is a rational model based 
upon the heat balance equation, calculating the thermal stress on the body from heat 
exchanges between the body and environment. It allows a prediction of physiological 
strain, estimating the rate of evaporative loss required for heat balance and the 
maximum evaporative capacity from which an index value of the amount of sweat 
required for maintaining thermal equilibrium is taken. 
In calculating heat exchange with the environment, the ITS considers the rate of 
sensible heat gain (C+R) according to the formula: 
(R+C)=: gpA. 
3 (tg - 3.5) 
Where (p is a coefficient dependent on clothing. Globe temperature is used indoors to 
include the effect of long-wave radiation. A separate allowance is made for solar 
radiation by substituting L for t. and using the following formula: 
R, =1.63(I,,, tKp, K, l [I- a(VO. 
2_0.88)]) 1AD W, m2 
Where 
, tot-= Total solar intensity 
Kpe Coefficient depending upon terrain and posture 
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K,, I, a Coefficients depending upon clothing 
V-- Air velocity (m/s) 
The ITS has been found to give good, quantitative predictions of the sweat rate over a 
wide range of enviromnents and clothing (McIntyre 1980). 
9.3.5 Shapiro et aL,. (1995) 
Shapiro et al., (1995) present a model to predict sweat loss that incorporates 
calculations for solar radiation. The initial model was based upon indoor laboratory 
studies (Shapiro et aL, 1982), however the predictions it generated were found to be 
inaccurate under outdoor conditions. Adjustments were therefore made to separately 
evaluate the radiative heat exchange, short wave absorption in the body and long wave 
emission from the body to the atmosphere. These were integrated into the E,, q 
component to allow for a more accurate prediction of sweat loss in outdoors conditions 
In calculating Erqradiative heat transfer long-wave and short-wave heat exchanges 
were considered separately, with short-wave radiative heat transfer calculated by the 
following formula 
(& 0.6) 
7t 
. 
cl 
H,. = 1.5AD - 
and a correction for longwave emission from the body to the environment: 
H, = 0.047AD X 
a(tsk+273)4 
IT 
Where 
Ito, Solar short-wave radiation (W/M2) 
I,, Effective clothing insulation coefficient 
AD Body surface area (M) 
a Stephan Boltzman constant 
Hence 
R, == H, +Hl 
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Incorporating the two components of radiation into calculations for Ere provided a high ,q 
correlation between predicted and measured sweat rates. 
This study presents an experimental investigation into thermal strain caused by solar 
radiation. The aim was to quantify the thermal load caused by solar radiation in 
simulated outdoor work and to evaluate the existing methods described above for 
predicting the solar effects on thermal strain. 
9.4 Method 
Whilst eight subjects agreed to partake in the study, due to the climatic conditions and 
short notice given before the first experiment two were unavailable. Six healthy 
European male subjects (Table 74) took part in two one hour conditions, one outdoors 
with solar load and one 'shaded' in a thermal chamber at Loughborough university. 
The chamber simulated all parameters except radiant temperature which was set to 
equal air temperature. 
Table 74 Details of subjects who participated in investigation. 
Subject Age Height Weight AD 
(Kears (m) (Kg) 
1 24 1.71 78.33 1.90 
2 27 1.72 72.72 1.85 
3 25 1.69 71.90 1.82 
4 23 1.85 60.40 1.80 
5 28 1.73 70.94 1.84 
6 23 1.75 80.75 
- 
1.96 
25.00 1.74 72.50 1.86 
SD 2.10 2.10 7.09 0.06 
9.4.1 Experimental design 
The first experiment took place on Thursday I August 1996 between 14: 39-15: 39 (solar 
time 14: 28-15: 28). This was conducted outdoors under a solar load (Solar altitude Cr-- 
44.36'-36.40') with a significant cloud cover. These ambient conditions were then 
simulated 'in the shade' in the thermal chamber at the same time the following week in 
order to prevent diurnal variation effects. (ISO 9886). 
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9.4.2 Calibration 
Calibration of equipment was as described in 8.3.4. 
9.4.3 Environmental Measurements 
The environmental measurements taken are described in 8.3.2. Air temperature (t. ), 
radiant temperature (t, ), humidity (rh) and air velocity (v) were measured according to 
ISO 7726. Total solar radiation was measured using a Skye SP I 110 pyranometer. 
Diffuse radiation was measured using the pyranometer shielded with a custom shading 
ring with the suitable correction factor being applied (Drummond, 1956). Terrain 
reflected radiation was calculated as one half the product of total solar radiation and 
albedo (Breckenridge and Goldman 197 1), the later being the ratio between radiation 
reflected from the ground and radiation reflected on the ground measured with the 
pyranometer. Direct radiation was calculated from the total and diffuse radiation using 
formulae presented by Iqbal (1983). 
9.4.4 Physiologkal measurements 
Aural temperature and mean skin temperature (tsk) (using Ramanathan's four point 
weighting coefficient) were recorded at I minute intervals using Grant Squirrel 
datalogger (Type SQ16-16U and SQ32-16U). Refer to 8.3.3 for more detailed 
descriptions. Metabolic rate was estimated from step height and step speed using an 
adaptation of the equation presented in the American College of Sports Medicine 
guidelines (ACSM, 1991): 
M= ([Steps. min-'x 0.35] + [StepHeight x Steps. min-'x 1,8]) x315x 58.15 
Heart rates were taken using Polar Sports testers, and sweat loss was calculated from 
the body mass loss (Mettler Toledo KCC150s accuracy ±0.5g). Evaporative heat loss 
due to sweating was calculated from body mass loss, according to ISO 7933,1 W/M2 
2.6g/h (for a standard subject, 1.8M2 of body surface). 
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9.4.5 Clothing 
Subjects wore dark blue cotton boiler suits with a clo value of 0.52 (IS09920). 
Transmittance and absorbance were calculated according to Nielsen (1990). The 
transmittance was measured by covering the solarimeter with a single layer of the fabric 
and recording the percentage decrease in output (2%). Reflectance was calculated from 
measurements of the total radiation and percentage of this that was reflected from the 
surface. Absorbtance was taken to be (1-reflectance) (7%). Light weight sun-visors 
were worn to protect the eyes from direct sunlight. 
9.4.6 Experimental Procedure 
The equipment was calibrated prior to each experiment. Subjects were briefed before 
the experiments on the objectives, procedures and potential hazards. They then 
completed a form consenting to participate in the experiment. It was explained that 
they were free to withdraw at any time without giving any reasons. Subjects were 
measured and weighed (semi-nude). Their clothes were weighed separately. Skin and 
aural thermistors and heart rate monitors were placed on the subjects in thermally 
neutral rooms (21 'Q. They then exercised for one hour in an open space facing the 
sun, performing a step test in time to a metronome set at a rate of 60bpm on a vertical 
rise of 150mm (Figure 3 1). Subjects were advised to alter the choice of lead foot 
periodically to avoid unequal leg strain. At the end of the hour they were again weighed 
semi-nude and their clothes weighed separately. They repeated this procedure on their 
next visit to the laboratory in the thermal chamber (Figure 32). The difference between 
sweat lost in shade and solar conditions is attributable to the stress of the solar load and 
was analysed using a Wilcoxon Matched Pairs statistical test. The predictive models 
discussed in the introduction were then compared against the measured values by the 
mean differences between predications and actual value and correlation between 
predications and actual values (this was only possible with those models that considered 
individual differences of body surface area). 
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Figure 31 Subjects in outdoor solar condition 
9.5 Results 
9.5.1 Environmental Conditions 
With the exception of air velocity and radiation, the environmental parameters were 
kept constant within the range of the measuring equipment between the two conditions 
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(Table 75). During the outdoor experiment there was a thick cloud cover (Figure 33), 
subsequently diffuse radiation was considerably greater than direct radiation (Table 76). 
"=, AlL. 
Figure 33 Cloud cover during experiment 
Table 75 Mean environmental conditions in both experiments 
Solar Conditions Chamber Conditions Difference 
Mean SID Mean SD 
la 
6 
21.35 C 0.58 21.31 0.55 0.03 C 
rh 45.97% 2.10 49.71% 1.60 -3.75% 
V 1.01 rn/s 0.26 0.80 rn-/s 0.12 0.21 ni/s 
19 27.32 OC 1.13 21.79 OC 0.17 5.53'C 
tr 40.08 OC 3.89 22.78 C 0.99 17.30'C 
WBGT 18.50 C 0 0.38 0 17.60 C 0.12 0.910C 
Table 76 Mean Solar radiation during outside experiment 
Mean W2 SD 
Total 335.00 63.17 
Diffuse 327.21 37.76 
Direct 11.15 51.56 
Albedo 41.29 5.50 
9.5.2 Physiological Results 
Whilst the heart rate, aural temperature,, and four point mean skin temperature were 
greater during the conditions with a solar load, the differences in the last 5 minutes of 
exposure were not significant. Mean sweat rates of 475.1 g/h (182,71 W/M2 ) in the solar 
condition and 262.4 g/h (100.9 W/M2) were recorded with a mean difference in sweat 
lost between the two conditions of 213g (82W/M2) was recorded (Figure 34), the 
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difference being significant (P = 0.0277). The amount of sweat trapped in the clothing 
in both conditions was negligible. 
From the aural temperatures it is apparent that there was no difference in the heat 
storage, the magnitude being constant between the conditions. Air temperature, 
metabolic rate, clothing, and relative humidity were the same in both conditions. Air 
velocity was slightly greater in the solar condition, resulting in an increase in heat loss 
by convection of approximately 5W/M2 . Radiation and sweat loss were the principle 
parameters that differed between the two conditions. The increase in sweat loss in the 
outdoor conditions can be attributed to the increase in radiation. 
250 
200 
04 
E 
150 
0 
loo 
3: 
Cl) 
50 
0 
Subject 
Figure 34 Sweat loss for all subjects in solar and shade conditions 
9.5.3 Predictive models 
Predictions for radiation from the models presented by Breckenridge and Goldman 
(1972), Burton and Edholm (195 5), Givoni, (1963,1976), Shapiro et al., (1995), ISO 
7933 and ISO 7933 corrected for heat gain by sunlight were run with the environmental 
results from the solar conditions. The predictions are shown in Table 77 against the 
actual results. 
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Table 77 Means and standard deviations for measured radiation (R,,, ) and predictive models with 
mean differences and correlation coeflicients of relation between R, and model outputs. Standard deviations and r values are not presented where the model did not account for differences in body 
surface area (the effect on Shapiro's model was negligible) 
2 Mean Radiation (W/m Mean error r 
Rýun 81.8±22.8 - IS07933 Corrected 80.4±2.9 1.4 0.46 
Breckenridge & Goldman 91.3±2.9 -9.5 0.62 ISO 7933 16.1±2.9 65.7 - Shapiro 94.4 -12.6 -0.46 TRI 64.3 17.6 - ITS 96.7 -14.9 
9.6 Discussion 
From the results it can be seen that the stress from work in outdoor conditions is greater 
than that from conditions similar in all but solar radiation. Even without direct sunlight, 
the load on the human thermoregulatory system from the various components of solar 
radiation is significant. For the conditions investigated this amounted to a mean of 82 
W/M2. 
In order to maintain heat balance, changes in sweat loss occur in response to changes in 
the stresses on the thermoregulatory system. With the exception of the radiant heat 
load, the stresses in the field conditions and chamber conditions were the same. Heat 
storage was negligible. The change in sweat loss was thus directly attributable to the 
solar load. This is consistent with Gagge and Hardy's (1967) findings that where the 
ambient temperature is constant, the change in evaporative loss caused by sweating may 
be used to measure radiation. From the heat balance equation, the sweat rate can 
therefore be used to measure quantitatively the solar radiant heat load with the solar 
radiation equating with the difference between sweat lost in the field conditions and 
sweat lost in the chamber conditions, hence: 
R, 
un -'Esun-Eshade 
Where metabolic heat production, convection, and respiratory convection and 
evaporation are the same in both conditions. 
It must be noted that the mean air velocity in the chamber was less than that in the field, 
where gusting winds prevented a constant air velocity to be measured. At higher 
velocities, the surface temperature of the clothing Will be lower (Burton and Edholm 
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1955) and consequently sweat loss would be reduced, the difference in sweat loss 
between field and chamber trials may therefore be slightly exaggerated, however when 
convection is calculated according to ISO 7933 the differences between the two 
conditions is minor. 
Using the heat balance equation it is possible to validate the results by entering values 
into the equation. From this, alterations may be included in ISO 7933) to account for the 
solar load. The heat balance equation as follows can be adjusted where storage is zero 
and E, qcan be assumed to be the measured sweat rate as there was negligible sweat 
trapped in the clothing. 
Ereq= M- W- Cres- Eres-C- R 
Metabolic rate was estimated to be 176.7 W/M2. Convection, was calculated according 
to the following equation: 
C=h,. F, I(tsk - ta) 
Where 
h, == 3.5 + 5.2 v (v <I m1s) 
h, = 8.7 VO*6 
(v 
4? 
1 M/S) 
and 
F, j =I /[N + hd Ici +I lfcd 
Where: 
hr= a -6skA, ADu[(tsk+273) 
4- (t, + 273)4] / (tvk - tr) 
and 
f, l =I+1.97 1,1 
0 
C, e ollowing equations where 
T, is equal to 35 C and E,,,,, were estimated using the f 
and P,,,, is equal to 5.624Kpa: 
Cres ý: 0.00 1 4M (tex - ta) 
Eres =-- 0.0173 M (Pex - Pa) 
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Thus inputs to the heat balance equation are presented in Figure 35. There was no 
statistical difference between radiation as calculated by the heat balance equation and 
the radiation as calculated from the difference between Esu,, and Eshade- 
Heat gain' 
2 
Heat gain 
Heat loss 
Measured values in heat balance equation (W/M2) 
Figure 35 Figure of the mean measured values in the heat balance equation in solar conditions. Heat 
gain' is radiation as measured by the difference between E,, n and Eshadewhilst Heat gain 
2 is the 
radiation as measured according to the heat balance equation with no heat storage 
9.6.1 Comparison with Estimations 
As anticipated, ISO 7933 underestimated the radiation incident on subjects in the 
outdoor condition,, calculating it to be 15.5W/m 2. By correcting ISO 7933 for solar 
radiation, a valid prediction was made in terms of mean error. Breckenridge and 
Goldman (1972) was most strongly correlated with measured radiation (r--0.62) 
although correlation coefficients should be read with care given the small sample size 
and non-parametric nature of the data. This is consistent With Blazejczyk et al., (1993) 
who concluded that this model provides a realistic estimation of the radiation heat load. 
These results indicate that for the conditions investigated IS07933 with R corrected for 
short wave radiation and Breckenridge and Goldman (1972) were the most valid. 
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9.6.2 Limitations of present study 
Climatic conditions were such at the time of this study that it was not possible to 
conduct the experiment with direct solar radiation. The nature of the solar radiation 
was primarily diffuse, rather than direct which predictive models have been built upon. 
This however demonstrated that even with minimal direct solar radiation incident on 
the human,, diffuse radiation can still have a marked effect on the human 
thermoregulatory system. Whilst simulation of solar radiation may have been desirable, 
indeed much of the work on solar heat load on humans has been carried out indoors 
using simulated sunshine, this was considered to have limited validity in respect of the 
limited spectral content of the lamps or heaters used. 
9.7 Conclusions 
U The radiation incident on the human thermoregulatory system, even without a direct 
solar load, can be considerably more than in a shaded condition with no solar load. 
In the conditions measured, the load on the body from solar radiation amounted to a 
mean of 82W/M2. 
U ISO 7933 underestimates radiation in conditions with a solar load. Given this 
shortcoming, a more valid calculation for estimating heat flow by radiation at the 
surface of the skin is required. 
J This study has identified and validated two predictive models. For estimating the 
solar heat load on the human thermoregulatory system, in the conditions investigated, 
ISO 7933 with radiation corrected for solar radiation and Breckenridge and 
Goldman's (1972) model provide fairly accurate predictions that may be incorporated 
into the standard for use in environments with solar radiation. 
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10. An ergonomics tool kit for use in 
subsistence agriculture 
10.1 Aims 
This chapter presents the development and evaluation of an ergonomics tool kit for use 
in subsistence agriculture with the following aims: 
1. Develop an ergonomics tool kit appropriate for use by trained ergonomists in work 
with rural communities in subsistence agriculture. 
2. Assess the appropriateness and practical usability of the tool kit. 
10.2 Background 
Difficulties in using methodologies for assessing heat stress were identified in chapter 6 
and were further addressed in chapters 7-9. These methodologies however are but one 
tool that an ergonomist has at his/ber disposal. In parallel to their use in the field, a 
broader portfoloio of ergonomics tools was used and appraised. This chapter thus 
introduces the development of an ergonomics tool kit for use in the field with rural 
agricultural populations in industrially developing countries. 
An ergonomics tool-kit does not as yet exist, with no specifications for equipment, 
methods or approaches being available to ergonomics practitioners in IDCs. Neither 
does there appear to have been any research on the appropriateness of ergonomics 
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methodologies for use in the field, whether tools designed for use with populations 
from industrialised 'western' countries are appropriate for unsophisticated often 
illiterate tropical audiences or whether established tools from the PRA methodology, 
commonly used in overseas development work can be incorporated into the ergonomics 
practitioners tool-kit. 
10.3 Introduction 
There is an increasing variety of tools and techniques for the ergonomics practitioner to 
use in conducting research in the field (Kline, 1992). However many of these are for 
'high end' use and may be considered unsuitable for use in II)Cs where climatic, 
economic, and practical conditions will constrain the choice of equipment. There is an 
apparent need for a tool kit to be available to the ergonomist for use in the field when 
working with rural clients in subsistence agriculture. The principal techniques for 
conducting ergonomics evaluations have been presented in Wilson and Corlett (1995). 
By their nature, many of these techniques such as those for concerned with evaluating 
I. T. systems are not suitable for use in subsistence farming whilst others may apparently 
be applicable but practically unworkable such as those requiring literacy. In 
collaboration with the ]EA, ILO have produced a basic manual, "Ergonomics 
Checkpoints" that is intended 'particularly for small and medium-sized enterprises by 
offering practical low-cost solutions to ergonomics problems'(Pinnagoda, 1996). The 
Checkpoints book is aimed at making ergonomics accessible to non-specialists with a 
simple format making it easy to use by workers to where necessary assess their work- 
sites in order to improve working conditions. In the acknowledgement that 
requirements for assessing safety, health and working conditions in agriculture will 
require different checkpoints, a new checkpoints book for use in this sector is under 
development by the ELO (O'Neill, 1999). This is expected to include a section 
specifically focusing upon subsistence agricultural workers (Jafry, 1998 b). 
Unlike the ELO Checkpoints book, the tool kit presented in this chapter was developed 
for use by ergonomics specialists. The aim was to identify suitable tools and 
techniques for use in the field and evaluate their practical use in a pragmatic way during 
field work in Ghana. This chapter presents the identification of tools and techniques 
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that were considered for inclusion in the tool kit and a discussion of their use in the 
field. 
10-3.1 Userpopulation 
The intended user population for the tool kit was trained ergonomists working in the 
field with rural villagers and small scale subsistence farmers. Before the tool kit can be 
discussed 
, it is important to identify the needs of the ergonomist in this area, and the 
approach required to implement his/her ergonomics knowledge. 
The client population the ergonomist will be working with is a predominantly 
unsophisticated rural audience. Problems that may seem obvious to the western 
intervener may be seen as part of the job or way of life. 
"'Why do you do this? 'I would ask. 
'Because it is good 
'Why is it good? ' 
'Because the ancestors told us to. 
(Slyly) 'Why did the ancestors tell you to? ' 
'Because it is good"'. (Barley 1983) 
Two (not necessarily mutually exclusive) roles for the ergonomist can be identified, that 
of the researcher, and that of the practitioner. The former is interested in data and 
quantifiable results, with an ultimate goal of identifying principles and publishing 
papers. The latter meanwhile is interested in qualifiable, sustainable results with the 
ultimate goal being to improve the well-being of the rural community in terms of 
increased productivity and safety. The ergonomics will be matched to the practical 
problem, providing solutions to difficulties the farmers themselves have identified 
rather than having improvements prescribed according to the ergonomists 'pure' 
understanding of problems. Dudley (1993) emphasises that "the object of [development 
programmes] is not to produce research papers but to actually benefit people. " The 
scope of the tool kit is primarily focused at the ergonomics practitioner interested in 
sustainable development work in rural communities dependent upon subsistence 
agriculture. The equipment must be low cost, robust and simple to use while still 
providing appropriate precision, reliability and validity. 
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The tool kit will be of use only when the ergonomist has gained the farmers' confidence 
and trust. Wandering round with equipment may appear threatening and unlikel-Y, to be 
productive in providing long-term usable solutions. Similarly the presence of an 
outside observer may affect farmers actions, with them 'playing' to the development 
worker's presence, such as sensing an input of funds from a development 
agency/organisation, The ergonomist should not approach a problem with preconceived 
ideas of what is 'right' or 'wrong' or with a fixed methodology to address every 
apparent problem s/he observes. The local people must reallSe the problems 
themselves, and play a key role in developing solutions. In the light of this, the 
ergonomist must ask not only 'how may the problem be solvedT but also 'how may the 
proposed solution fail? ' (Dudley 1993) The ergonomist thus must not only be an 
effective communicator but also a good listener, quick thinker and above all a good 
facilitator. This need to learn directly from the rural community members is central to 
participatory approaches (Nabasa et al., 1995). 
10.4 Participation 
Participation may be defined as the involvement of all interested parties in working to a 
common shared goal. The use of participatory approaches is gaining popularity in both 
ergonomics (participatory ergonomics) and international development (PRA/PTD) as an 
effective method of developing sustainable solutions to people's problems. Both 
participatory ergonomics and participatory rural appraisal have common threads, 
however there is virtually no recorded evidence of the participatory approach being 
used in rural development projects (O'Neill, 1997). Participatory approaches from both 
disciplines will now be introduced and their similarities, differences, strengths and 
weaknesses discussed 
10.4.1 Participation in International Development 
r jects have been criticised for failing to incorporate an understanding of Development p0 
the cultural realities, needs and priorities of the supposed beneficiaries of the projects. 
Misguided interventions that have either failed or in some cases upset the equilibrium 
of traditional methods have been reported (Haverkort, 199 1). In order to address these 
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failings in development projects, various participatory methods have been developed 
over the last twenty years as techniques to gain an understanding of the cultural issues 
and priorities of communities. 
10.4.1.1 Participatory Rural Appraisal (PRA) 
PRA predominantly draws on the discipline of social anthropology, taking as its base 
the practices of observing, listening, reflecting, participating and recording (Hinton and 
Young, 1996). Initially these techniques were used as a rapid method for gaining 
information. They were known as Rapid Rural Appraisal (RRA) and avoided the 
expense and delays involved in large quantitative surveys. RRA was still however 
principally a method of data gathering and did not involve beneficiaries in the process 
of development. PRA built on RRA methodologies, introducing an additional 
dimension of 'empowerment', developing strategies through Joint decision making 
processes throughout the project with project workers facilitating rather than leading 
(Hinton and Young, 1996). PRA is now an established approach to development 
projects with a 'bottom-up' rather than 'top-down' approach being promoted (O'Neill, 
1997). It is considered that traditional methods of questionnaires may provide an 
incomplete picture and scientific equipment may appear threatening. Using informal 
techniques where the people themselves identify the problems, and participate in 
developing solutions is more likely to be successful in introducing permanent and 
sustainable changes. The methodology is continually evolving and must be adaptable to 
the individual needs of the community being investigated. Examples of a number of 
tools and techniques for gaining an insight into rural life in a systematic but semi- 
structured way are presented in Table 78. Which of these that are used will depend on 
the situation and the research. It will be noted that several of these are already 
established in the ergonomists repertoire of tools for analysis. 
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Table 78 Techniques used in conducting Participatory Rural Appraisals (from McCracken ef aL. 
1988, and Nabasa ef al., 1995 NRI b, 1995) 
Techni que Descri 
Direct Observation Observations, measurements 
Comment s 
ZI Alternative to direct and awkward 
questions 
Can be used for cross checking 
findings fi7om other PRA 
techniques 
Semi structured 
interviews 
Scoring exercises 
Diagrams 
Form of guided interview where only 
some of the questions are 
predetermined- a skeleton checklist 
may be used as a flexible guide but 
many questions will be formulated 
during the interview 
Farmers rank or rate aspects of their 
work or life putting needs, priorities, 
etc. in order of importance and gives 
evidence of relative weight accorded 
to them. Various methods avaflable 
such as preference ranking, wealth 
ranking and matrix ranking 
Produce with participants diagrams in 
space (e. g. maps, transects); time 
(seasonal calendar, daily routine 
chart, time fines, historical profile), 
and decisions (Venn diagrams) 
Avoid having official looking 
documents around 
U Take few during the interview, 
rather write up afterwards. (A 
Dictaphone can help in this 
respect). 
U Involves people, using their own 
units of measurement (e. g. maize 
kernels). 
ýj Ranking scores are easier to obtain 
than absolute measurements (e. g. 
"rank your income sources by 
importance" rather than "how 
much do you earn? ") 
U Diagrams simplify complex 
information give clear and precise 
information, especially with less 
articulate individuals. 
U Stimulate discussion and full 
participation of group 
U Can be sketched into ground or on 
paper- the latter should be left 
with participants 
Workshops Workshops directly involve the local U Involve all stakeholders 
community, stimulating discussion U Avoid marginalising weaker 
and participation in the project groups 
10.4.1.2 Participatory Technology Development 
In the course of development projects, the need for new technologies will often be 
identified. Introducing technologies with a top-down approach invites failure, evident 
in the 'rusting hulks of well intentioned give-aways... scattered all over the third 
world' (Bunch, 1991). Addressing the problems of inappropriate technology, 
participatory technology development is an approach for choosing the most appropriate 
technology. The emphasis is on participation in the process of identifying, improving 
developing and adapting s technology to the local context (Prey, 1994). PTD has been 
defined as 'activities aimed at, or resulting in a change of the existing technolop-, in a 
direction considered desirable by the different utilisers of that technology and which... 
the utilisers of the technology play an active role' (Engel et aL, 1989). PTD adopts 
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tools and techniques from PRA and focuses upon the interaction between stakeholders 
such as donors, recipients, entrepreneurs, and users within the process of technolopy 
development (Appleton, 1994). Five key stages in the process of PTD have been 
identified and are presented in Table 80. 
10.4.2 Participatory ergonomics 
Participation is inherent in good ergonomics practice because of its nature in dealing 
directly with people. During the past twenty years however there has been a trend 
towards a more active participation of stakeholders in addressing ergonomics problems. 
This has become known as participatory ergonomics, emphasising the vital involvement 
of the end-user in developing and implementing technologies (Imada, 199 1). Wilson 
(1995) defines participatory ergonomics as "the involvement of people in planning and 
controlling a significant amount of their own work activities, with sufficient knowledge 
and power to influence both processes and outcomes in order to achieve desirable 
goals. ") 
Whilst there is no common underlying model or framework for participatory 
ergonomics (Vink et aL, 1992) there are common methods and approaches. The 
methods and tools employed in participatory ergonomics will vary according to the 
demands and requirements of the situation. Examples of tools and techniques that may 
be used are presented in Table 79. Similarly, the approach will depend upon the 
historical, structural and cultural context (Liker et aL, 1989) with different dimensions 
of participation that may be quite different under different circumstances (Wilson and 
Haines, 1998). Several dimensions have been identified (Wilson and Haines, 1997, 
Haines and Wilson, 1997) with those that may be relevant to subsistence farming as 
follows: 
1. Extent and focus of participation (local/ micro such as redesign of specific 
technologies or global/ macro participation throughout the organisation). 
2. Purpose of participation (problem specific or for broader work organisation). 
3. Continuity (unique event or daily part of organisations activities). 
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4. Involvement (direct participation of all stakeholder or participation of representative 
sample). 
Table 79 Techniques used in participatory ergonomics (from Caplan, 1990, Wislon and Corlett. 
1995 and Noro and Imada (1990) 
Teonique___ ion Comments 
Stakeholder analysis Identifica-t-i o-n-, --o' f-ah-p- e-ople- --- a ff--e-ct-e- d---b---y- --t-h--e--- -Q----C-a-n- be--- -carried' --o u-t in c-onj-unction- 
problems which are to be addressed, in with task analysis and link analysis. 
relation the problem and to one another U Essential process to ensure 
representation and participation of 
all interested parties 
Focus groups Small groups of people brought together to U Similar to semi-structured 
evaluate concepts, identify issues and interviews in PRAs 
determine attitudes about products or U Particularly valuable when 
services combined with prototyping 
Checklists List of events or activities that may be U Rapid tools for analysing and 
expected, in a given situation, to be ticked evaluating problems or 
off as a record as and when they are implementing new technologies 
observed to occur Q Can act as a memory aid or 
protocol for procedures to be 
followed 
Task analysis Method of gathering relevant information U Useful tool for involving 
and describing the tasks to be completed in participants in analysing tasks and 
order to reach a goal understanding how they contribute 
to the over" goal 
Link analysis Charts movement of people, information, J Good participative tool, allowing 
work processes by plotting distances interactions in process to be 
travelled, frequency of movements and illustrated and quantified, allowing 
interactions between people, places and problems such as superfluous 
things movements or delays in process to 
be identified 
Design Decision Methods involving group discussions, U Similar to PRA tools, provide a 
Group Process drawings (such as participants drawing relaxed atmosphere with full 
own workplace highfighting its good and involvement from participants 
bad points), photographs, and building 
mock-Hpýýth SaEdbEE 
10-4.2.1 Work Improvements in Small Enterprises (WISE) 
A distinct participatory ergonomics approach has been developed and successfully 
promoted for use in small enterprises in IDCs. Known as the Work Improvements in 
Small Enterprises (WISE) methodology it focuses on low cost improvements that 
involve local people in self-help improvement action (Kogi, 1997). The approach 
depends upon participation with six basic principles are followed (Di Martino, 1995); 
1. building upon local practices, local examples and local technical knowledge rather 
than the priorities of outsiders 
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2. focusing upon achievements 
3. Linking working conditions and other management goals 
4, Using learning by doing 
5. Encouraging exchange of experience 
6. Promoting workers involvement 
Kogi, 1997 stresses that successful ergonomics interventions will use participatory 
methods (Figure 36). These may include workshops, group discussions, walk-through 
rounds, looking at a broad range of available solutions, checklists and training of 
trainers (Kogi and Sen, 1987, Kogi 1985,19875 1997). Benefits of the WISE method 
are well documented in Asia, Latin America and Africa (e. g. Muchiri, 1992, Murchiri 
and Tornberg, 1995 and Di Martino, 1995) with consistently high success rates being 
attributable in part to the participatory approach. 
Exercise to Learning from Group planning Implementation 
identify successful local of available of low-cost 
potential action examples solutions improvements 
Figure 36 Basic steps in participatory WISE intervention (Kogi, 1987) 
10.4.3 Participatory ergonomics in rural development 
Whilst not identical, participatory approaches in ergonomics and international 
development are closely associated with each sharing similar goals, tools and 
techniques (Table 80). Participatory ergonomics has been predominantly developed for 
industrial settings within organisations with defined boundaries (i. e. management- 
employee relationship within an industrial workplace). Similarly the WISE 
methodology that has been successfully used in improving workplaces in many IDCs is 
focused upon the shop floors in small enterprises. It is clear that the using participatory 
ergonomics in subsistence farming will require adapting to this context; the emphasis of 
participation will not be on a relationship between management and employees but that 
between the donor/ researcher and subsistence farmers. When used with PRA/PTD 
methods that have been developed for use in rural subsistence agriculture participatory 
ergonomics will provide the ergonomics practitioner with a repertoire of tools and 
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techniques that should meet the objective of bringing about change, to developing 
sustainable improvements that can and will be adopted by the intended user population. 
The benefits of such an approach have indeed been shown to be of value. In perhaps 
the only paper describing a participatory ergonomics approach in subsistence 
agriculture, O'Neill (1997) found farmers grasped the concepts of ergonomics quickly 
with significant improvements to farming tools and implements being made. 
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It is not suggested that participation is the panacea for all ergonomics initiatives in 
subsistence farming. As with any development work It may be met with resistance, 
complacency, fatalism and apathy that are often encountered in traditional societies 
(Bunch, 199 1). Similarly it may be viewed with suspicion by some members of the 
community or hijacked by others to meet their own needs. It cannot therefore be a 
quick and easy process; it can often be slow and laborious requiring good 
communication, facilitation and conflict resolution skills (Hinton and Young, 1996). 
The advantages of participation however, are that it should lead to the identification of 
needs as perceived by the target group (van der Bliek and van Veldhulzen, 1994). 
Motivation is more likely when people participate in processes that affect their work 
(Jensen, 1997). This active involvement of the target group can be expected to provide 
them with a sense of ownership of solutions to problems (i. e. new technologies) 
(Haverkort et al., 1991). This often leads to greater commitment to seeing solutions 
succeed (Imada and Robertson, 1987). Furthermore, an understanding of ergonomics 
may help in solving future problems, with recognisable successes giving the target 
group enthusiasm, self confidence and the feeling they can solve their own problems 
after the ergonomist has left (Bunch, 199 1). 
10.5 The tools 
Conducting ergonomics research and development in the field (on-farm) in subsistence 
agriculture is often severely constrained by the circumstances (O'Neill, 1997). This 
may include problems such as with time-tabling of activities, transportation, and 
accessibility of resources and is further discussed in Chapter 12. For the ergonomist to 
be successful in working in a rural IDC community, the primary tool of the ergonomist 
will be that of participatory methods. These have been well established in international 
development for providing usable subjective data in a relatively painless manner. The 
tool kit will therefore be a secondary 'tool' in the ergonomists repertoire, providing 
objective measurements to act as triangulation to the subjective participatory 
measurements. 
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The principal techniques for conducting ergonomics evaluations have been presented in 
Wilson and Corlett (1995) and this tool kit draws heavily on this source. However, 
many of these techniques are not suitable for use in subsistence fanning. The choice of 
tools for inclusion in the tool kit will reflect the environment in which they will be used. 
Thus they must be robust and relatively simple. Given the nature of subsistence 
farming, the primary areas of focus will be concerned with the physical environment,, 
anthropometric dimensions, and workload. 
10.5.1 The Physical Environment 
10.5.1.1 Thermal parameters 
In Industrially Developing Countries (IDCs) the thermal environment will typically be 
hot or moderate conditions. The choice of equipment will thus reflect this. There are 
six basic parameters that are generally considered when assessing human 
thermoregulatory response to the environment. These are air temperature, radiant 
temperature, humidity, air velocity, clothing worn and activity. The instruments 
required to measure the thermal parameters are often included together in 'Admiralty 
boxes',, robust, practical kits designed for assessing the thermal envirom-nents on British 
ships (Parsons 1993). 
In the tool kit, tools and methods for assessing or estimating the parameters will be 
needed similar to those found in the Admiralty Boxes. ISO 7726 proscribes 
characteristics and specifications for instruments and methods for measuring the 
physical thermal parameters. Whilst cost is an overriding factor, the equipment found in 
the tool kit should as far as possible comply with the specifications laid down in the 
standard; for reliability and validity. In addition, standards for assessing heat stress 
should be available. These have been discussed elsewhere. 
Air temperature 
Air temperature is traditionally measured using a liquid expansion thermometer 
(mercury etc. ). Such thermometers are limited in their inability to provide a continuous 
recording over time, requiring the operator to manually take readings. The dry bulb of a 
whiling hygrometer gives a value for air temperature. Electronic recording devices 
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using thermocouples or thermistors are advantageous. Whilst the probe should be 
screened when measuring air temperature, they have the advantage of also being 
suitable for taking physiological readings, such as skin temperature. 
Radiant temperature 
Radiant temperature is usually obtained using a standard black globe (matt black with 
diameter of 150mm), with a formula being used to calculate mean radiant temperature 
(tr)- 
Humidity 
Humidity is manually measured using a whiling hygrometer. This device ensures 
ventilation of a Wet and a dry bulb thermometer. From a psychrometric chart using the 
values found the relative humidity can be determined. Electronic devices include 
capacitance devices, lithium chloride and hair hygrometers. 
Air velocity 
Air velocity can be manually measured using a kata thermometer. This is a 
cumbersome device whereby air movement cools a thermometer and the cooling time is 
related to air velocity. Hot wire anemometers allow a datalogged measurement to be 
made, however they are delicate instruments. For an estimation of air velocity the use 
of blowing bubbles from soap solutions may be employed. In conditions outdoors, 
environmental observations such as movement of trees, smoke etc. may be made 
according to the Beaufort scale, giving an estimation of air velocity. 
Clothing 
The thermal insulation value of clothing is an important factor in conducting a thermal 
audit. The ergonomist Will usually refer to tables such as those found in ISO 9920 for 
estimating the CLO value of a particular clothing ensemble. ISO 9920 however does 
not cover clothing indigenous from ethnic Populations. Thus it must be estimated either 
by using comparable garments from the standard. 
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10.5.1.2 Visual Environment 
Whilst lighting will not generally present a problem in outdoor agricultural 
environments, (with the possible exception of glare being an issue), in buildings such as 
factories where agricultural produce are processed there should be adequate lighting for 
all tasks to be carried out. 
Illuminance 
Illuminance is measured using a light meter. Values obtained can be compared with 
given reference values such as those detailed in the CIIBS (1984) code. 
Glare 
Glare may be measured with a photometer, however such equipment is large, delicate 
and expensive. Glare is inherently subjective, and there is little correlation between 
subjective reports of discomfort and the objective glare index (Howarth 1995. ) 
Hopkinson and Collins (1970) propose a four point scale for the subjective assessment 
of glare: 
1. Just perceptible 
2. Just acceptable 
3. Just uncomfortable 
4. Just intolerable 
10.5.1.3 Noise 
Noise pollution in rural agriculture will generally originate from machinery such as 
tractors or chain saws. It becomes a problem around the level at which shouting is 
required to someone who is Im away (approximately85 dB(A). ) 
Noise is measured using sound level meters. Sound pressure level meters generally 
allow frequency weighted SPLs to be measured according to the A-, B-, and C- 
weighted scales matching the responses of sounds of low, moderate and high intensity. 
Levels for the different frequencies may also be provided. SPL meters can also allow a 
measurement over a longer time period, providing a weighted 8 hour average Leq 
measures. (i. e. that the likely exposure over one 8 hour day must be estimated. ) ISO 
provide a number of documents for measuring and evaluating auditory environments. 
These include ISO 2204 and ISO 3740. 
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10.5.2 Anthropometry 
The ergonomic design of equipment and workspaces will accommodate for 95% of the 
target user population. Once the target population has been defined, relevant 
anthropornetric data will be used to ensure a good 'fit'. Human populations howeý-er 
are not homogenous, the anthropornetric characteristics will differ according to age, 
sex,, ethnicity and occupation (Pheasant, 1995) and within populations according to 
nutrition (Weiner and Lourie, 1981). Appropriate anthropometric data must therefore 
be located and where it is not available, it may be necessary to undertake small scale 
anthropometric surveys in the field. For example in a small subsistence farming 
community, where tools are locally produced, the user population is small and specific. 
The ergonomist may be therefore required to conduct an anthropometric surveý, of that 
population. 
The tool for taking anthropornetric measurements is the anthropometer. These are 
precision measures, and are generally bulky, being required to measure such dimensions 
as stature, arm and leg lengths. In the field, a steel tape measure, ruler and tailors tape 
may suffice indeed Soedirman (1987) found that an expert using a tailors tape or steel 
retracting measure could provide reliable results, with no significant difference between 
the two methods. Weight may also be required, such a measurement requires a set of 
scales. 
10.5.3 Workload 
10.5.3.1 Heart Rate 
When the body is under strain, the heart rate will increase. Heart rate therefore is a 
good measure of stress, whether it is from exercise, occupational workload) 
psychological stress or the thermal environment. Heart rate can be measured using 
telemetry, recording ECG impulses. This method however is not Within the scope of 
the tool kit requiring expensive equipment. It may alternatively be directly measured 
using a heart rate monitor. Heart rate monitors, consisting of a transmitter attached to a 
strap worn around the waist and a watch receiver worn on the arm,, if used properly 
provide a reliable measure of heart rate. Alternative heart rate may be subjectively 
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estimated using the Borg (1982) rating of perceived exertion (RPE) scale (Table 8 1). 
The RPE scale asks subjects to rate how hard they think they are working. Responses on 
the scale have been found to correlate well with objective measurements of heart rate 
(Borg, 1982) percentV02peak-) minute ventilation and blood lactate levels (ACSM, 
1991). The rating is an approximation to one tenth of the heart rate of the working 
subjects, (Parsons 1993). 
Table 81 Rating of perceived exertion (RPE) scale from Borg (1982) and metabolism , heart rate and temperature as indicators of workload (from Gradjean, 1988) 
RPE Score Subjective katinj eart rate Oxygen ergy Rectal 
bpm consumption expenditure Temperature 
W/M 2 0 
ýC)_ 6 60-70 0.25-0.3 65 37.5 
7 very very fight 75-100 0.5-1.0 120 37.5 
8 
9 very fight 
10 100-125 1.0-1.5 165 37.5-38 
11 fairly light 
12 125-150 1.5-2.0 230 38-38.5 
13 somewhat hard 
14 
15 hard 150-175 2.0-2.5 290 38.5-39.0 
16 
17 very hard >175 2.4-4.0 >290 >39.0 
18 
19 very very hard 
20 
The reliability of the RPE has been questioned. Highly motivated sub ects tend to j 
underestimate their exertion (Kilbom 1995), as do 5-10% of people unfamiliar with the 
scale during the early and middle stases of testing (ACSM, 1991). The terms used can 
be ambiguous (Parsons 1993). It has been suggested that three learning trials will 
reduce most errors in rating. 
Whilst RPE is a useful tool for estimating work rate, difficulties in using the 15 point 
scale with illiterate audiences have been reported. O'Neill (1997)suggested that some 
further evaluation of the RPE may be required for developing countries applications. 
Varghese et al., (1994) noted that the general Indian population cannot discriminate the 
finer details of the scale and in a study of agricultural and domestic activities found it 
difficult to administer. In light of this, they proposed a modified five point scale, finding 
a strong correlation between physiological responses and perceived exertion ratings 
(Table 82). 
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Table 82 Simplified RPE scale as proposed by Varghese et al., (1994) 
Score Category Heart rate ftTo 
I very light <90 
2 light 91-105 
3 Moderately heavy 106-120 
4 Heavy 121-135 
5 v hSa M, !a >150 
A more reliable estimation of cardiovascular strain is the recovery heart rate (Brouha 
1960). The subject is seated immediately after the work test and the pulse rate is taken 
during the first, second and third minutes after the exercise, counting the beats during 
the last 30 seconds of each of the minutes and doubling the value. The average of these 
three values is highly correlated with total cardiac cost. Hence: 
1. If HRI - HR3 '2ý 10 or if HRI, HR2and HR3are all below 90 then recovery is normal 
2. If the average of HRI over a number of recordings is:! ý- 110, and HRI-HR3 ýý 10 the 
workload is not excessive. 
I If HRI - 
HR3`ý 10 and if HR3> 90, then recovery is inadequate for the task 
requirements. 
10.5.3.2 Energy expen iture 
ISO 8996 (Ergonomics of the thermal environment: Estimation of metabolic heat 
production) describes three methods for calculating the metabolic heat production from 
human activity. The first is by use of tables which give a description of activity and a 
corresponding estimation of metabolic rate. More comprehensive tables are available 
from sources such as Durnin and Passmore (1967) and McCardle (1991). Thesecond 
method is by the use of heart rate which is discussed above. The third method is that of 
calorimetry; measuring and analysing the expired air. This is generally laboratory 
orientated and are outside the scope of the tool kit, (for example, the Douglas bag 
method requires equipment to analyse and record the volume of expired air and the 
oxygen and carbon dioxide content). Portable oxygen analysers are however available, 
although are costly. 
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10.5.4 Musculoskeletal disorders 
Ergonomic principles use work physiology and anatomy to improve the nature of tasks 
and the human interaction with those tasks in order to prevent the occurrence of 1 nj un, 
and disease. An ergonomic assessment will include a postural and workload analysis - 
In addition to the importance of avoiding a fixed or awkward posture, van Wei), (1970) 
identifies three postures that are particularly undesirable. These are those that 
1. overload muscles and tendons, 
2. load joints in an uneven or unbalanced manner, or 
3. involve a static load on the musculature. 
Thus the tool kit must include a methodology to assess posture and work load. 
10-5.4.1 Postural Analysis 
There are a number of methods for evaluating posture and its effects. These include 
estimation techniques, measures of muscular activity, subjective measurements, 
interpretative methods and posture measurements. Those techniques that require 
measuring equipment such as digitising pictures or videos and EMG recordings are 
outside the scope of this tool kit. The use of complex questionnaires such as the Nordic 
Questionnaire (Kuorinka et aL, 1987) may be unsuitable for use with illiterate 
audiences. Goniometers will give angles, set either side of a joint, or may be used to 
assess angles from photographs. Postural recording and coding techniques such as 
OWAS and RULA may also be used, however objective data on posture may be flawed 
with Sen (1984) pointing out that posture in IDCs (specifically India) , is often 
different 
from that in ICs. Wood (1985) suggests that underlying design assumptions on western 
work postures fail to transfer to their Ul potential in IDCs. Hence evaluation of 
working postures must consider the cultural norms with indigenous working habits 
rather than attempting to tailor a technique rooted in a different culture and based on 
different data (Sen 1984, Wood 1985). 
10.5.4.2 Photographs 
Photographs allow a simple biornechanical evaluation of postures to be made. For 
example from lateral photographs taken at the same point relative to the working 
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position under investigation, angles of spinal flexion can be estimated by taking a Fv I 
vertical reference from the photograph and drawing a line between the middle of the 
shoulder and the middle of the hip (Vink and Kompier, 1997). A similar method has 
been proposed by ISO (1995b). 
10.5.4.3 Bodymaps 
Bodymaps allow subjects to rank or rate their postural discomfort at different parts of 
the body. When used before and after they are a good means of evaluating the 
effectiveness of an ergonomics intervention (Corlett and Bishop 1976. ) Bodymaps are 
easily administered and being diagrammatic in their presentation (Figure 37), avoid 
potential language problems in asking about particular parts of the anatomy. For 
example in some languages forearm translates as arm. Corlett (1995) proposes two 
ways in which bodymaps may be used. The first is asking people to point to the current 
site of discomfort on the bodymap at regular intervals. The intensity of the discomfort 
is then rated on a5 or 7 point scale. The second way is pointing to the site(s) which are 
most comfortable to those which are most uncomfortable at a particular given time. 
This allows a quicker evaluation to identify areas where musculoskeletal problems 
occur more quickly than the former method. 
Figure 37 Body Map from Corlett and Bishop (1976) 
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10.5.4.4 Musculoskeletal disorders questionnaire 
In order to obtain a greater quantity of detail than with a traditional body map and be 
more rapid than detailed questionnaires such as the Nordic Questionnaire), Cameroon 
(1995) proposed a rapid questionnaire for subjective evaluation of musculoskeletal 
disorders. The format incorporated key features identified in the literature, combining 
three scales for frequency, severity and duration of discomfort with a 28 part body map 
in its presentation (Appendix 41). 
10.6 Method 
10.6.1 Choke of tools 
The choice of tools for inclusion in the tool kit was made according to availability and 
appropriateness for the nature of the research. Measuring tools were primarily sourced 
from Silsoe Research Institute. The NRI had not budgeted for ergonomics to be 
incorporated into this project in Ghana and thus could not provide any required 
equipment. Any additional equipment was provided by the author. Table 83 shows the 
measuring equipment that was used, and Table 84shows the subjective techniques 
involved in the research. 
Table 83 Measurement objectives and tools selected for tool kit 
Objective Tool/ teqýýqýe Type f Equipment used 
Air temperature Thermistors Grant CT-U-V3-1 
Radiant temperature 5mm Black globe Grant AG-U-V2-1 
Humidity temperature / humidity probe Vasisala VH-L 
Recording measurements Data logger Squirrel SQ32-3U/IL 
Air velocity Bubble method Detergent and plastic fing 
Noise Noise level meter Radio shack/Tandy electronics 
'realistic' sound level meter 
Lighting Photocell Radio shack/Tandy electronics 
I sight saver' light meter model 
0346 -L 
Heart rate Heart rate monitor Polar Sports tester 
Oxygen uptake Oxygen consumption Morgan Oxylog 
Anthropometry Tape measure 
Weighing Scales A&D Precision Health Scales, 
Bathroom scales 
Postural an is Photography Camera 
226 
10. Ergonomics Too/ Kit 
Table 84 Subjective techniques included in tool kit 
Measurement/ Method Technique 
Direct observation Work study/ task analysis/ 
checklists 
PRA Semi-structured interviews 
Analytical games 
seasonal calendars 
Stories and portraits 
Secondary data Archives and records 
Literature 
Product design Focus groups 
Prototyping 
Heart rate RPE 
Body part discomfort Body maps 
Subjective assessment rating scales 
_ _quLsttiqýires 
10.6.2 Evaluation of tools 
As with the usability evaluation of heat stress standards (discussed in Chapter 7) the 
tool kit was evaluated by an expert' with knowledge and experience of the product, 
independent of users (Rennie 1981). Expert analysis was used for two principal 
reasons. Firstly,, the intended user population of the tool kit were trained ergonomists. 
A sample from this population however was not available in Ghana. Secondly, in order 
to ensure ecological validity of the assessment, it was necessary to assess the 
performance of each tool in the field. Given the part time nature of this research in 
Ghana, a systematic evaluation of the tools was not possible. A pragmatic approach 
was therefore taken. This was essentially non-empirical and based upon a number of 
criteria (Table 85) to judge the effectiveness of each tool (McClelland 1995) combined 
with the expert users views of each tool. Thus where possible the tools were used and 
issues pertaining to their practical use and effectiveness were recorded. Examples of 
the tools being used are illustrated in Part 2 with a case study presented in Chapter 11. 
The analysis of the tools draws from these studies and additional work that was carried 
out in Ghana. This usability evaluation may be considered somewhat superficial with 
some of the criteria that that would be strictly adhered to in a scientifically rigorous 
experiment being relaxed (Kerr and Jordan, 1995). It was however considered 
appropriate and sufficiently robust for the purpose this study. 
I The author 
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Table 85 Criteria for judging usability and appropriateness of tools in the field 
Criteria 
----., - ------- -- --- 
Comments 
Cost ------ U Affordability to recipient, both initial cost (although this may--be bome -by--- 
donor) and running/ operating costs. 
U Customs clearance may be required for bringing expensive tools and 
equipment into country. 
Robustness Q Will it withstand the rigors of field work. ) 
U Is it dust proof? 
Size U Large, conspicuous equipment may appear threatening to rural communities. 
Portability U Transporting to country. 
Q Transporting to field. 
Ease of use U Easy tools are more likely to be used 
Quality of information U Validity and reliability of results 
Time U Speed of response 
U Time to set up tool 
Sophistication U The tools should be matched to the needs of the work. Over- sophi sticat ed 
tools wfll probably be inappropriate in rural agricultural field work. 
Calibration U Availability of calibration equipment in-country (e. g. gasses). 
Compatibility U Hardware-hardware/ Hardware-software should be matched. Assumptions 
that software will run on local systems or connecting cables, adapters etc. will 
be available should not be made. 
Language U Software, hardware labeffing and operating instructions should be in the local 
users language. 
Spare parts U Availability and cost. 
Servicing U Availability of trained service personnel. 
Operating range U Climatic conditions. 
Operating requirements U Constant electricity supply cannot always be relied on. Generator or power 
regulator may be required. 
__ýountry 
of or' U Many donors insist on procurement of e ui2ment from donor coýý. 
10.7 Results and Discussion 
10.7.1 Too/ used for Objective measurements 
Where possible the tools for making objective measurements were used in the field and 
issues associated with their use are presented in Table 86. 
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10.7.1.1 Thermal parameters 
Equipment for measuring thermal parameters was generally found to be usable. 
Continuous recording was possible with the data logger, however this significantly 
raised the cost of using this equipment. Mercury in the glass thermometer and whirling 
hygrometer would have been just as effective in the field. 
The manufacturer of the radiant temperature probe did not produce a globe of the 
standard size (150mm- ISO 7726) rather a smaller 35mm globe. This had the advantage 
of being easier to transport and took up less space, however its accuracy in determining 
mean radiant temperature in the field may be questioned. Mean radiant temperature (t. ) 
is estimated using a correction requiring measurements of globe temperature, air 
velocity and air temperature. Using small globes, with an accumulation of errors from 
these other measurements can lead to large errors in estimates Of tr (Parsons, 1993). 
As was discussed in Chapter 9 tropical agriculture is characterised by high levels of 
solar radiation, with the black globe overestimating its effects. A solarimeter should 
also therefore be included in the tool kit. 
Due to the delicate nature of the equipment used for measuring air velocity (e. g. kata 
cooling thermometers and hot wire annenometers) the bubble method was used. With 
most of the field work being conducted outdoors, the bubble method for estimating air 
velocity was found to be unsuitable. With gusting or rapidly changing winds, following 
and measuring distances bubbles travelled proved virtually impossible. This method 
proved easier to administer in buildings, to estimate air velocity from draughts. It 
worked best with large bubbles (large bubbles are easier to track). However these 
required practice and skill to make when using a ring dipped in detergent solution. This 
can be overcome by using battery powered toy bubble blowers. 
In Ghana, most of the farmers who participated in the research wore western style 
clothing, such as cotton trousers and tee-shirts. Insulation values for these garments are 
provided in ISO 9920. From observation of farmers working it may be possible that 
these values may underestimate the effective clo value. This is because clothing gets 
wet from sweating and during farming activities such as digging or ridging the farmers' 
clothes rapidly get caked in mud from sweat combining with dust. This may increase 
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the insulative properties of clothing and require a correction to the clo value of the 
garment. 
10.7-1.2 Anthropometry 
As there was no anthropometer in the tool kit the tailors method was used in the field. 
Farmers readily co-operated with the taking of measurements, likening it to having 
clothes made and were enthusiastic that the measurements would be incorporated into 
the development of technologies to fit them. Whilst there was a high degree of 
repeatability in this method with one researcher, inter-researcher reliability was 
questioned suggesting a systematic bias in the results. Time prevented a closer study of 
this, however given the purpose of the anthropometric data it was not felt to be a 
significant problem. 
Weight may also be required, such a measurement requires a set of scales. These 
generally require a flat surface to function properly. In the field, finding a perfectly flat 
surface is not always possible. Taking a large board to place the scales on may 
overcome this problem however this presents the logistic problem of carrying it to the 
field. Electronic scales may be better on uneven surface. For weighing weights, a hung 
spring balance is preferable. 
10.7.1.3 Heart Rate 
Heart rate monitors were easy to use and unobtrusive. In some communities the heart 
rate monitors were unsuitable for use with women due to social or cultural reluctance. 
Some however agreed to wear the monitors over their clothing and in those instances 
where the woman wore very light clothing and the monitor transmitter was sufficiently 
moistened, it was possible to obtain a good signal. Where this was not possible, the 
Brouha method was used. This however proved to be unsuitable where sitting at rest 
immediately after the work was impractical because of location or environment. 
In using the heart rate monitor, it was important to make sure that the transmitter strap 
fitted the subject. Straps should be adjustable so they can be shortened to fit 
comfortably and snugly around the subject's chest. People in industriallý, developing 
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countries are often anthropometrically smaller and during field studies, the straps that 
were provided with one heart rate monitor proved too large for some thin subjects. 
10.7.1.4 Oxygen uptake 
A Morgan Oxylog was brought to the field for measur-ing oxygen consumption. In 
practical use it was not satisfactory. Calibration depends upon a supply of oxygen free 
nitrogen and daily barometric pressure readings taken at the altitude where the Oxylog 
will be used (if the Oxylog is used at a different altitude, the altitude at which the 
Oxylog is used must be known in order to make a correction). Dunng the research in 
Ghana, obtaining a supply of oxygen free nitrogen proved difficult and time consuming 
and the barometer located in the research station nearest the place of work was broken. 
In use ensuring a sung fit of the mask over the face was often difficult. Furthermore the 
Oxylog was considered by the farmers who used it to interfere with their work, being 
constrictive and uncomfortable (Figure 38). 
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Figure 38 Using the Morgan Oxylog in the field 
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10.7.1.5 Photography 
Photographs proved a useful aid in conducting research, such as for recording postural 
analyses. However it was necessary for permission to be granted before taking 
photographs and this was not always given. During the research, several people Nvere 
reluctant to be photographed on account of their Islamic beliefs. They did not want to 
violate the Koranic prohibition against making images of the human form. 
Furthermore, it is not unusual for people who do not understand the nature of 
photography to believe that the camera will steal their soul (Ferraro et aL, 1994). 
10.7.2 Subjective measurements 
During the field work in Ghana, the primary tools of measurement used were 
participatory techniques that are well established in development work but were 
adapted to suit the needs of an ergonomics inquiry. Issues associated with their use are 
shown in Table 87. They proved easier and less invasive than physical tools and where 
necessary, provided a grounding from which to carry out further analyses using those 
tools. 
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10.7.2.1 Direct observation 
Direct observation was a useful method for collecting both quantitative and qualitative 
data and was an indispensable first tool when carrying out ergonomics research in the 
field. 
Many people may be inhibited or behave out of character when there is a researcher 
present (Ferraro et al, 1994). It was therefore important to be aware of a possible 
observer bias whilst making observations. In Ghana, the researcher was often an 
unusual distraction and perceived as an object of curiosity and interest (especially by 
children). Entering remote Ghanaian villages in a four wheel drive vehicle usually 
caused a stir. To overcome this potential source of bias, it was on several occasions 
necessary to employ local staff with appropriate training. 
10.7.2.2 PRA 
Much of the results from PRA work was arrived at through consensus during group 
meetings. Such an approach may have missed differences in individual motivations and 
conflicting interests. Stadler, (1995) suggests that an image of consensus may be 
created in public but this does not necessarily reflect the participants hidden opinions. 
Whilst it was important to discourage any single person from dominating discussion this 
was occasionally difficult to achieve particularly when that person was of high social 
standing. 
PRA was a useful tool for eliciting information about people's problems. However 
from the field work conducted in Ghana, it was apparent that there would be little 
validity in comparing PRA results across communities. This was because the process of 
using semi-structured interviewing was not systematic, it resulted in information being 
collected from different groups and villages that were not similar to each another and 
were therefore difficult to match. 
A major constraint of PRA is often the way that the researcher's preconceptions 
influence and bias the results of research. For example, it is easy for an ergonomist to 
criticise many African working practices and apparentlý, poor working postures yet 
these are often not seen to be a problem, being traditional and well established. it 
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would be unethical for the researcher to suggest or promote change where it is neither 
needed or wanted. Furthermore it has been argued that a preoccupation with consensus 
and community during PRA work may colour the research results and interpretations 
(Stadler, 1995). 
Whilst shortcomings in the PRAs have been identified, as a tool for the ergonomist the 
techniques provided large volumes of relevant, usable information. They maintained 
the farmers interest, enabling the farmers to visualise many of their answers (e. g. 
ranking using maize kernels) and participate in the work, giving them a sense of 
ownership of the results. When combined with prototyping and focus groups they 
proved comprehensive methods for involving users in the development and assessment 
of technologies, allowing a more 'user-centred' process to be incorporated into the 
projects in which they were involved. 
10.7.2.3 Bodymaps 
The body map was generally found to be easy to use when an indication of 'body part 
discomfort was required. This was made through a yes-no response for pain or 
discomfort being elicited at each site. Such a binary response, gave no indication of 
severity or duration of discomfort as would have been obtained using a rating scale 
however the shortcoming with using rating scales have already been discussed. This 
limitation resulted in the Cameroon (1995) format being used with only limited success 
and was thought inappropriate for use with Ghanaian subsistence farmers. 
In some instances respondents had difficulty in understanding the format of the body 
map. Many were reluctant to discuss each body part on the body map in turn, preferring 
to point to the region where discomfort or pain was experienced and when questioned 
about frequency of discomfort, may preferred to answer with specific examples of when 
discomfort was experienced rather than how often. 
Finally, given the oral nature of the questionnaire, they took a considerable amount of 
time to administer and were tiring for the researcher, translator and respondent. Whilst 
there may not have been the consistency in presentation as with the body map, pointing 
at each body part proved quicker and simpler than having to explain the figure and what 
was required. 
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10.7.2.4 Questionnaires and scales 
IDCs are usually characterised by high levels of illiteracy. In 1995 47% of females and 
24% of males aged over 15 years in Ghana were illiterate (World Bank, 1997) The use 
of written documents such as questionnaires and scales cannot therefore be used. 
Questions may be presented verbally whilst scales may be adapted either by reducing 
the number of points or using visual prompts. Interpretation of pictures however was 
often confused and it is important to be aware that photographs, pictograms and 
diagrams are often culturally bound. 
10.7.2.5 RPE 
During early field work in Ghana, oral presentation of the RPE scale to subjects was 
found to be unsatisfactory, being almost impossible to use in Akan languages where 
words for the different gradients of exertion were found not to exist. Given these 
limitations it was hypothesised that a pictorial scale to appraise perceived workload 
could be developed. In initial trials however this was found not to correlate well with 
heart rate although gave an indication of exertion (Appendix 39). 
10.8 Conclusion 
U The tools, techniques and methods at the disposal of the ergonomist will generally 
remain the same whatever the client group's needs are. In an IDC however the 
approach may require adapting to the situational context whilst maintaining the 
fundamental principles. 
U Objective tools used on an ad hoc basis in the field included heart rate monitors, 
thermal measuring and logging equipment, equipment for measuring oxygen uptake 
and anthropometric dimensions. Those that were simple; reliable; robust; and easy to 
calibrate and maintain were considered most appropriate and usable. 
Participatory methods proved invaluable in the first instances of conducting 
ergonomics analyses in rural agriculture, allowing for a rapid identification of 
problems to be made by participants. 
U With illiterate audiences, the use of written questionnaires was not possible. 
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U Subjective rating scales were not valid for use in communities where limited 
vocabularies and low levels of literacy prevented linguistic transference of the 
substance of the scales. 
U There is a need for further investigation into the validity of diagrammatic 
representation of scales that may be used for subjective assessments. Such methods 
however must take into account the local understanding of pictures and symbols. 
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11. Case study: Ergonomics 
evaluation of a manually operated 
cassava chipping machine 
11.1 Alms 
This chapter presents a case study from Ghana where ergonomics was integrated into an 
existing development project and the tool kit was used. It presents a study not as a 
traditional controlled study, but in terms of the experience gained in such an 
intervention. The aim of the study was to improve the design of a hand operated 
cassava chipping machine. 
11.2 Introduction 
Cassava (Manihot esculenta Crantz) is an important food security crop, but recently 
attention has been given to its role in income generation (e. g. Bokanga, 1998). Ghana 
has, over the past few years, been expanding its exports of cassava chips to the 
European Union for animal feed as a means of earning foreign exchange (Spenser and 
Kainaneh, 1997). Opportunities also exist in Ghana for producing cassava for domestic 
animal feed (Westby et al., 1998). 
On-farm participative research has been carried out in the Brong Ahafo (BA) region of 
Ghana to investigate the potential of cassava processing for domestic livestock feed as a 
source of income generation. Good quality cassava chips were produced by a 
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production system combining "mini-chipping, " using a chipper modified from a design 
of the International Institute of Tropical Agriculture (HTA), and sun-drying protocols 
using elevated trays and black ground-sheets (Hector et al., 1996). 
In this paper, the results of ergonomics evaluations and improvements to the design of 
the cassava chipping machine are reported. 
11.3 Materials and methods 
11.3.1 Chipping machine design 
11.4 Chipping machine design 
The cassava chipping machine was developed from an IITA design (Figure 39) to 
produce thin (3.5 mm) chips, 60-100mm long. A simple hand operated machine, it 
consisted of three principal parts, the wheel to which the chipping blade is attached, the 
shaft and the frame (Jeon and Halos, 199 1). 
0 
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In prior trials with farmers significant modifications were made to the IITA design 
(Hector et al. 1996). These included increasing the weight of the cutting blade and 
improving the bearings. These modifications increased the cutting plate momentum 
and allowed users, particularly women to operate the machine more easily. The shaft 
centre was raised from 415mm above the ground to 570mm. Production rates of 
between 90-1 00kg per hour were recorded, but fatigue restricted the overall effort to 
periods of 1-2 hours (Hector et al. 1996). In spite of these ad hoc modifications, 
problems of drudgery and discomfort associated with this machine and a similar version 
without a seat remained. A participatory ergonomics approach was therefore adopted to 
improve the design of the cassava mini-chipper. This essentially comprised of two 
stages: 
Focus groups with farmers (users and non-users) including hands-on use of chippers 
and prototypes. 
2. Prototypes developed using feedback from focus groups and appropriate 
anthropometric data. 
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Figure 39 Wooden framed cassava mini- 
chipper 
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The process was iterative with the users involved throughout and this 'bottom-up' 
redesign of technology generated much enthusiasm. The process resulted in the 
development of a final prototype chipping machine (Figure 40) that was essentially a 
modified wooden mini-chipper with the seat removed. The height of the shaft centre 
was made adjustable at 50mm intervals to a maximum height of 820mm. Other 
modifications included a hinged box attached to the machine to increase the capacity of 
the hopper. In this chapter, this final prototype is compared against the original IITA 
designed chipper. 
11.4.1 Subjects 
The study was carried out on-farm with six experienced users of the mini-chippers in 
the BA region in April and November 1997. In order to collect work-rate data, further 
lab-based trials were conducted with six novice subjects in February 1998. Personal 
details of the subjects are presented in Table 89. 
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Figure 40 Prototype mini-chipper 
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11.4.2 Anthropometric measurements 
ri Whilst anthropometric data are available for much of West Af ca, they do not include 
Ghana (JOrgens et aL, 1990). Sixteen measurements described by Pheasant (1990). that 
were relevant to the chipping machine, were thus gathered from the local population (an 
opportunity sample of 35 adults from eight villages in the BA region) using the 
Suma'mur's tailor method (Soedirman, 1987) and used in the development of the 
prototype chipper. Whilst 5thand 95t" percentile values are presented, they must be 
treated with care given the small sample size (Table 88). 
Table 88 Anthropometric data from Brong Ahafo adults (mm) 
Men (n= 13) Women 
' - Percentile: 5'ý 9 SD Min klax 
Stature 1575 1697 1819 74 1360 1563 1767 124 1360 1819 
Shoulder height 1285 1401 1518 71 1198 1306 1414 66 1198 1518 
Elbow height 958 1053 1147 58 911 995 1078 51 911 1147 
Knuckle height 599 696 792 59 597 668 739 43 597 792 
Shoulder-fingertip length 678 753 828 46 645 708 770 38 645 828 
Elbow - fingertip length 374 458 541 51 377 435 494 36 377 541 
Biacromial. breadth 362 403 444 25 316 382 448 40 316 444 
Popliteal. height 421 456 490 21 351 403 456 32 351 490 
Thigh thickness 91 129 167 23 94 118 142 15 94 167 
Knee height 451 515 580 40 447 501 554 33 447 580 
Length of hand 172 190 209 11 161 177 193 10 161 209 
Length of palm 98 108 118 6 93 100 107 4 93 118 
Palm breadth' 88 94 101 4 75 84 93 5 75 101 
excluding thumb 
11.4.3 Postural discomfort 
A modified body map (Corlett and Bishop, 1976) with 32 parts identified (Cameroon,, 
1995), was used to locate postural discomfort. Due to difficulties In presenting rating 
scales to illiterate subjects, they were asked whether they felt any pain or discomfort in 
each body part, with a yes/no response. To avoid any confusion with the names of body 
parts, the experimenter pointed at each area in turn. This was repeated before and after 
chipping. Approximate measurements of the angle of spinal flexion were made from 
photographs taken of the working posture. Two points on the body were marked-, 
around the 7 th cervical vertebra and at the upper edge of the greater trochanter. The 
angle between the vertical and the points was taken to be the angle of the spinal cun, e. 
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11.4.4 Heart rate 
Heart rate was measured using heart rate monitors (Sports Tester, Polar Electro, 
Finland) and logged at one minute intervals. Resting heart rates were taken,, and 
maximum heart rate was estimated according to the fonnula 220-age (Rodahl, 1989). 
To enable a more meaningful comparison , individual differences between subjects were 
minimised by expressing working heart rates as a percentage of an individuals effective 
heart rate range (Rodahl, 1989). This was calculated from resting and predicted 
maximum heart rates. 
11.4.5 Work-rate 
The time required to chip 20kg of un-peeled roots was recorded as an indication of 
work rate. Weights were measured using a digital balance (A&D Precision Health 
Scales, Tokyo, Japan) with an accuracy of ± 0.05kg. 
11.4.6 Comparison of machines 
The study followed a repeated measures experimental design with two conditions, 
chipping with a mini-chipper and chipping with the prototype. All conditions were 
conducted in the morning. Before each condition, subjects were briefed about the 
nature of the investigation through an interpreter. They were asked to sit In a relaxed 
posture for 15 minutes during which time an estimate of their resting heart rate and an 
assessment of body-part discomfort were made. 
Subjects 1-6 used whichever machine they were experienced with for one hour (Table 
89). Four used the wooden machines and two used the metal machines. The distal and 
proximal ends of the roots were removed with a knife before chipping. The 
experimental procedure was repeated with the prototype which was set at a fixed height 
of 820mm. Differences between conditions were analysed using the Wilcoxon matched 
pairs statistical test. 
244 
11 
. 
Case Study 
Table 89 Details of subjects who participated in the evaluation of cassava chipping machines 
Subject Sex Age 
(Years) 
Weight 
(kg) 
Height 
(mm) 
Resting Heart 
rate (bpm) 
Experience 
(years) 
Machine usually used 
I M 37 54.8 1680 68 1 Wooden 
2 F 41 63.7 1645 65 1 Wooden 
3 M 32 56.9 1651 72 1 Wooden 
4 M 27 68.3 1715 57 1 Metal 
5 m 34 63.2 1750 84 1 Metal 
6 F 60 40.0 1532 89 1 Wooden 
7 F 40 76.2 1681 70 0 - 
8 F 45 62.0 1511 69 0 - 
9 F 42 41.1 1515 77 0 - 
10 M 19 68.0 1698 57 0 - 
II M. 20 60.6 1581 76 0 - 
12 M 31 55.1 1572 76 0 
Mean 35.7 59.2 1628 71.7 
SD 11.3 10.6 82.4 9.6 
In order to eliminate any bias in the work-rate results from training or practice the 
assessment of work-rates was done with novice users (subjects 7-12). The same 
chipping blade, sharpened prior to each trial was used on the mini-chipper and the 
prototype. The blade used on these trials was however lighter than those used with 
subjects 1-6. The order in which they used the machines was counter-balanced. 
11.5 Results 
11.5.1 Physiologkal and postural measurements 
The mean physiological workload, expressed as a percentage of an individual's 
effective heart rate for operating the prototype, was 41% compared with the workload 
of 56% for the mini-chipper (Table 90). There was a significant reduction (p. <0.003) in 
the mean heart rates when chipping with the prototype. 
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Table 90 Summary of heart rate data, relative height of chipping machines and approximate angles 
of spinal flexion observed during chipping using the mini-chipper and prototype machines 
Heart rate (bprn) % of effective heart rate Height of shaft centre Approximate angle of 
range as percentage of spinal flexion 
shoulder height (%) 
Subj. * Mini-chip per Prototype Mini-chi pper Prototy pe Mini-chipper Prototype %firii-chipper Prototype 
I (W) 129 113 53 39 41 59 46' 31' 
2 121 110 49 40 42 61 'IC 54 o 
3 W) 145 118 64 40 42 61 41o )go 
4 123 108 49 37 29 59 760 )4-' 
5 140 117 56 39 28 57 42' 350 
6(W) 134 126 63 52 46 66 400 200 
Mean 56 41 38 60 0 o-N 90 50 
-0 (9) indicates that the farmer used a wooded mini-chipper and (M indicates that a metal chippers Nvas used 
Whilst recovery heart rates would have been desirable, accurate recording was not 
possible in the field. Recovery would have been confounded by the subjects' 
movements, such as brushing swarms of bees away making 'rest' impossible. 
The posture adopted to operate the mini-chipper resulted in pain or discomfort over 
much of the body and involved considerable spinal flexion. This was particularly 
observed with the metal machine which had a lower shaft height (Table 90). By raising 
the height of the shaft centre (Table 90), the posture was straightened, significantly 
reducing the angle of spinal flexion by an average of almost 42% (p. <0.01). This 
subsequently resulted in a decrease in the incidence of pain or discomfort. Whilst there 
was no significant difference in the overall incidence of body part discomfort following 
chipping between the two machines, differences were found for individual body parts 
(Table 91). In fifteen regions the incidence of pain or discomfort was less following 
chipping with the prototype than with the mini-chipper. In eleven regions there were no 
differences in the incidence of pain or discomfort between the two machines. In six 
regions the incidence of pain or discomfort was greater with the prototype. 
It is 
interesting to note that an increase in the incidence of discomfort in the lower 
back was 
not observed as may have been expected. This is probably more a shortcoming of the 
methodology chosen, using a binary scale rather than incremental scale on the 
discomfort body map. When questioned informally about the seventy of the pain, the 
subjects commented on how the pain was moderate before commencing chipping and 
more severe afterwards. 
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Table 91 Incidence of body part pain or discomfort following chipping for one hour. Body parts 
where pain or discomfort was reported before chipping commenced have been excluieý 
Body Part Mini-chipper Prototype 
Left Side Shoulder 5 2 
Upper Arm 4 2 
Elbow 4 4 
Lower Arm 3 2 
Wrist 4 4 
Hand 3 4 
Fingers 3 4 
Ifip 3 2 
Upper Leg 1 2 
Knee 3 3 
Lower Leg 2 1 
Ankle 3 1 
Foot 3 3 
Right Side Shoulder 4 4 
Upper Arm 3 1 
Elbow 6 6 
Lower Arm 2 2 
Wrist 3 4 
Hand 4 3 
Fingers 3 4 
Hip 2 
Upper Leg 3 
Knee 3 3 
Lower Leg 2 
Ankle 4 2 
Foot 2 1 
Neck 3 1 
Chest 2 2 
Upper Back 2 1 
Lower Back 0 0 
Buttocks 1 2 
11.5.2 Work-rate assessment 
The work-rate of the prototype chipper when used by novice users (Table 92) was 
significantly faster than the mini-chipper (P<0.001). There was a 68% improvement in 
the work-rate. Subject 9 withdrew from the mini-chipper trial after almost 32 minutes 
having chipped only 13.15kg, complaining of discomfort and fatigue. 
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Table 92 Work-rates of novice users using the mini-chipper and prototype machine calculated from 
the time taken to chip 20kg of fresh roots 
... Subject 
Work-rate )I 
........ I ........................ . ...... mini-chipper prototype % improvement 
7 32.3 43.2 75 
8 46.1 60.5 76 
9 38.0 39.3 63 
10 79.6 137.9 58 
11 65.5 88.9 74 
12 50.2 78.0 64 
Mean 52.0 74.6 68 
sd 17.7 36.5 
'These work rates are presented to compare the mini-chipper and the prototype. They may not be sustainable over time 
or representative of machine-user productivity. 
11.5.3 Comparative performance over a working day 
To complement the data on work-rate, a case study with one farmer was carried out 
over a typical working day, (considered by the farmers to be the production of sufficient 
chips to fill fifteen drying trays, approx. 225kg chipped weight). The experimental 
procedure was repeated with one farmer (Subject 5, Table 89) who had experience of 
operating both the mini-chipper and the prototype. He used the mini-chipper on the 
first day and the prototype on following day. The prototype was set at his preferred 
height, (770mm, 53% of shoulder height). Environmental conditions were the same on 
both days, and the same chipping blade, sharpened prior to use, was used on both 
machines. The results are presented in Table 93. 
Table 93 Time spent working, work rate, and heart rate for farmer 5 using the mini-chipper and 
prototype machines 
Mini-chipper Prototype 
Total work time 174 nun 204 min 
Chipping time' 137 min 156 min 
Harvesting rootS2 37 min 48 min 
Total chipped 276 kg 322 kg 
Work rate 120kg/hr 124kg/hr 
Heart rate 3 140 bprn 131 bpm 
'Chipping includes rest breaks. Removal of root ends and loading of chips in to trays was undertaken by an assistant. 
2 The bulk of the roots were harvested before the trials. 
3Mean heart rate whilst chipping 
The first day's chipping was finished prematurely (after eleven trays) because of fatigue 
and disturbance from bees. The shortfall of four trays was made up for on the second 
day. As in the previous trials (Table 90 and Table 91) the prototype resulted in a lower 
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physiological work rate and less body-part discomfort. This caused less fatigue and 
allowed the fan-ner to chip for a longer period of time. Work-rate (in terms of roots 
processed per unit time) was marginally improved. Finally, the farmer felt that it was a 
significant improvement to his existing machine and felt it would be his preferred 
choice. 
11.6 Discussion 
A stooping posture, as adopted during chipping with the mini-chippers5 is generally 
considered to be undesirable, with spinal flexion causing deformation of the 
intervertebral disc and exerting a risk of the nucleus being extruded (Pheasant, 199 1). 
Any mechanical advantage from the weight of the body through a tilted trunk will thus 
be offset by the risk of cumulative musculoskeletal damage or overexertion from such a 
posture. Rotating the chipping blade involves asymmetrical movement that further 
increases the risk of musculoskeletal damage. With spinal rotation there will be an 
increase in the loading on the spine, causing further deformation of the discs (Pheasant, 
1991). By raising the working height of the machine, the angle of spinal flexion was 
significantly reduced. This resulted in a reduced incidence of musculoskeletal pain or 
discomfort following chipping. As all farmers complained of lower back pain before 
and after chipping, there was no increase in the incidence of pain or discomfort in this 
body part, however informal discussions with the farmers following chipping with each 
machine suggested that the severity of pain after using the mini-chippers was greater 
than that following use of the prototype. 
Heart rates can provide an indication of physical strain. Analysis of the heart rate data 
suggests that the physiological workload in operating the prototype was less than with 
the mini-chipper. The heart rate data however must be treated with care, as it can also 
represent other strains on the body such as thermal or postural stress (Rodahl, 1989). 
Indeed the thermal conditions were slightly (but not significantly) more stressful during 
the evaluation of the mini-chipper than the prototype. This effect on heart rate may be 
counter-balanced by the difference in posture, an upright posture will exert a greater 
strain on the cardiovascular system than a stooping one (Rowell, 1986). Feedback from 
the subjects reflected the heart rate data. Of the twelve subjects, ten claimed they were 
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less tired, suffered less body pains after use and could chip for a longer period of time 
with the prototype. 
All the subjects felt that the prototype chipper was an improvement over the miffl- 
chippers, expressing a preference for the new design. Whilst the chipping height of the 
prototype was adjustable (and thought to be a major improvement by users). during the 
trials it was extended to its maximum height. Six of the farmers were satisfied with this 
height, whilst the others would have liked it slightly lower. They all believed that 
chipping at a raised height was an advantage in terms of comfort, a reduction in 
drudgery and would allow them to increase their productivity. The work-rates of novice 
subjects were significantly faster with the prototype. 
The box was considered to be an improvement by all the farmers. It allowed 
approximately 20kg of roots to be piled up for chipping without a loss of stability. This 
reduced the frequency of stoppages to pick up roots from the ground whilst chipping, an 
action that required considerable asymmetrical twisting and bending. Subjects did not 
generally place roots on the original platform as expected, preferring to take roots one 
by one from the box. This appeared to have the advantage of allowing a greater area for 
them to rest their left arm whilst chipping. One farmer also noted that with roots being 
held away from the hopper, there was less excess soil entering it. 
11.7 Conclusions 
U This study has demonstrated how agricultural machinery developed for use in a 
developing country can be improved by employing a participative and iterative 
approach to design, paying closer attention to human factors. 
J By incorporating ergonomics into the design process, drudgery associated with the 
machine was reduced and productivity, user comfort and satisfaction were increased. 
Improving the posture adopted to operate the machine resulted in a significant 
reduction in physical strain and incidence of body-part discomfort and can be 
expected to reduce the risk of musculoskeletal damage. 
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U The ergonomics tools included in the tool kit were sufficiently robust and usable for 
use in the field. 
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12. Lessons Learnt 
12, Lessons Learnt from practical 
experience in the field 
12.1 Aim 
From anecdotal evidence and experiences in Ghana, this chapter addresses the practical 
implications of applying ergonomics research in the field and aims to identify the 
lessons that can be learnt from this. 
12.2 Perceptions of Ergonomics 
Many farmers who were encountered during the research were very enthusiastic about 
the nature and objectives of ergonomics and its focus upon their well-being at work. 
The farmers who were involved in the cassava project using the chipping machines 
were particularly happy to have the opportunity to be involved in a 'bottom-up' 
redesign of the technology to suit their needs and reduce drudgery. Focus groups for 
discussing the chipping machines with farmers groups generated much debate, with 
farmers not afraid to criticise and make useful suggestions. Such positive perceptions 
of ergonomics by farmers were also found by O'Neill (1997) with ergonomics 
undermining the prevailing attitude of "being a farmer means that life has to be hard 
and therefore have to suffer". During a recent needs assessment in Uganda that focused 
upon animal traction to relieve drudgery and increase productivity, all the stakeholders 
asked for human energy requirements to be considered as well as animal power 
(O'Neill, 1998). 
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Whilst farmers have been seen to be positive about ergonomics, many International 
Development workers have been found to be more sceptical. This is partiafly due to the 
Development worker's perception that issues such as drudgery and technology transfer 
have already been covered in their projects. However this is more on an ad hoc basis 
rather than following a systematic, holistic approach that ergonomics could provide for 
addressing these areas. 
In a recent ergonomics familiarisation workshop with NRI project leaders, whilst 
participants were interested in extending the utility of ergonomics as an applied 
discipline, several assumed that ergonomics was already implicitly covered in their 
programmes. 
12.3 Verbal Communication 
In conducting research in an IDC, being unable to adequately communicate with people 
presents particular problems. 
The use of translators overcomes the immediate problems of communicating in a 
foreign language, however for translators to be effective it is essential to ensure that 
they are trained in participatory and ergonomics methodologies. This will usually mean 
employing staff who are literate with some formal education. In questioning rural 
farmers this may cause problems With their being much further removed in status from 
the respondents than would be the case in similar work in ICs (Stycos, 1983). A further 
problem with asking questions is that the respondents may not understand their purpose, 
and rather than refuse, give answers that are quite haphazard (Bulmer and Warwick, 
1983). Furthermore it is possible that questions evoke answers the communities think 
the researchers want to hear, (Walt, 1990). 
Even if the translators speak the indigenous language, rural communities often have 
their own unique dialects and linguistic customs that may be unfamiliar to the 
translator. It is often possible to encounter linguistic interference whereby incorrect 
speech habits and etiquette are carried over from one language to another resulting in 
confusion and irritation (Nader, 1986). 
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Communicating with farmers in their vernacular language often presents problems %%Ith 
limited vocabulary. Rarely will the language have equivalent scientific terminology 
(Barasa, 1987). Concepts used in one particular study often do not transfer 
unambiguously from one society to another, and in some cases even from urban to rural 
areas (Bulmer and Warrick, 1983). For example the concept of thermal comfort was 
not readily assimilated by Akan subjects. Nor did they associate ff working hard" with 
exertion. In Twi, the Akan language that is spoken by many people in Ghana, subjective 
feelings were described with more linguistic description, rather than a single word. 
When presenting questions on thermal stress, whilst there is a word for 'wan-n' it is 
rarely used. Instead a sentence is constructed to express that feeling. 
During the research in Ghana, where trained project staff were not available or did not 
speak local languages, agricultural extension agents who could communicate in local 
languages were relied upon. It was not possible to train them in participatory 
techniques and thus they often brought their own prejudices and biases to the 
discussions. In promoting technologies, during field work, extension officers were 
often keen to champion those technologies that they had received NGO training on, 
regardless of their appropriateness or usability. Communication biases from extension 
staff are well documented (e. g. Sutherland 1994) with their paying more attention to 
progressive farmers and friends. During PRA research in Ghana, one extension officer 
repeatedly ignored comments from the quieter, marginalised farmers, paying greater 
attention to the more vocal farmers (who were also of a higher social standing within 
the group). 
12.4 Courtesy 
In carrying out research in rural communities it was first important to make formal 
introductions with the chief or village elders. This could be a time consuming activity, 
particularly if they had to be summoned from their farm and could involve anything 
from a declaration of the research 'mission' to performing libations. It has been 
suggested that contacting local government officials before commencing any project is 
necessary for success (Mikkelsen, 1995). Where possible MoFA agricultural extension 
officers were contacted. With a knowledge of the community, they allowed 
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introductions to be made more easily. The experiences of this research reflect those 
reported by Boahane (1995) that co-operation of farmers can be enabled ýý ith the 
support of Chiefs, chief farmers and district extension officers,, making the success of 
the project more likely. 
n- 
Receiving peoples' hospitality can result II is in a bias when they respond to questions. Thi 
is known as courtesy bias where the respondent provides information that s, be feels NNill 
please the interviewer (Mitchell, 1983). It was apparent on numerous occasions in 
Ghana. It is particularly so in Asia where as Wuelker (1983) describes: 
"Any attempt at sending out non-Asians to interview Asians would be a fiasco. Asians 
are far too polite to tell a foreigner anything he might not like to hear, and a European 
will always receive rose-tinted answers to his queries for fear of offending him. " 
12.5 Suspicion towards researcher 
Field work often resulted in suspicion. During research into working practices on the 
farm,, several groups of farmers refused to partake because of a mistrust in the foreign 
research worker, 'what is in it for usT On more than one occasion PRA discussions 
were disrupted by individuals believing the Westerners had come to sabotage the 
community. When talking to women involved in pito brewing their husbands tried to 
reprimand them for giving away secrets of the process, claiming the researchers were 
stealing the recipe for their own ends. Suspicion towards foreign researchers working 
in the field is well documented in the anthropological and ethnographic literature. For 
example Dubois (1986) notes how the question of ones integrity as a scholar may come 
under suspicion, giving an example from India where being a Westerner carrying out 
research by asking questions was suspected of being a spy. Similarly Sudarkasa, (1986) 
found Youruba traders in Kumasi, Ghana to be suspicious of her with a notebook, 
believing her to be collecting information for the government. In the best of 
circumstances the field worker will initially be an object of curiosity, howeN, er fear and 
hostility may not be unusual. 
256 
12. Lessons Learnt 
12.6 Cultural taboos 
Superstition plays an important role in many rural Ghanaian communities. This may 
include one day of the week being considered 'taboo,,, and thus no farm work would be 
conducted on that day. Farmers are often reluctant to allow visitors on the farm for fear 
of badjuju being placed on their crops. The work of the ergonomist can thus be 
hampered in being unable to visit the place of work, particularly if time is limited. In 
Muslim communities during Ramadan, the month of fasting, when the faithful neither 
eat, drink nor smoke between sunrise and sunset their working capacity may be affected 
making ergonomics observations unreliable. Furthermore during this period they are 
liable to become so weak that no extra physical effort, such as partaking in research can 
be expected of them (Wuelker, 1983). 
12.7 Time and dates 
In many languages time is a fluid concept; in Bengali and Twi the words for 
'yesterday' and 'tomorrow' are identical. Often the western Planning model based 
upon 'economic time' conflicts with time interpretations which value 'social time' 
(Mikkelsen, 1995) It was apparent during the research that deadlines and schedules 
were rarely adhered to and it would be unreasonable to adhere to similar time scales for 
projects that may be undertaken in ICs. 
There is a general ignorance of dates and ages in many communities in IDCs (Blacker 
and Brass, 1973). In many sub-Saharan African communities the concept of 'dates I is 
virtually unknown. In the two principal local languages in Gambia (Mandinka and 
Wollof) there is no word for date (Blacker and Brass, 1973). Many people who were 
interviewed during the research in Ghana were unaware of their ages,, giving an 
arbitrary guess rather than an accurate figure. By discussing it with others in the 
village, using memories of historical events and reference to the age of the eldest a 
more accurate estimate of age than the farmers first guess was obtained, 
but a random 
bias was still be possible. 
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12.8 Transport 
In order to access communities that are off tarmac roads,, motorbikes or four wheel 
drive vehicles are essential with the latter being preferential if equipment is to be 
transported. Even with four wheel drive vehicles,, one village that was to be visited 
during the PRA survey could not be accessed. Whilst the most recent maps indicated 
that a passable road existed , it had been washed away during the previous rainy season 
with the village now only being accessible by foot. 
The concept of 'the farm' in Ghana is far removed from that in Europe or America. 
The farm is generally small (I to 2 ha) and is often a clearing in the bush (Figure 4 1) 
some distance (4-9km) away from the village (Bobobee, 1993). Such farms are 
accessible only by foot or bicycle on a single narrow track. Reaching the farm is 
therefore difficult and can be logistically impossible if much large or heavy equipment 
is to be used. 
12.9 Climate 
The issues of heat in tropical countries have already been raised (Chapter 7). This 
however has been in the context of the indigenous working population rather than the 
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researcher from an IC working in an IDC. Whilst the evidence is not conclusive, 
distress and discomfort due to heat and sweating may have a detnmental effect on 
cognitive performance such as information processing and memory (Parsons, 199-ý '). In 
his account of conducting field work in the Philippines, Storey (1997) found climatic 
conditions affected his research, with intense heat causing lethargy and restnctini-Y his 
'ability to function' whilst the rainy season brought illness. Indeed during the PRAs in 
Ghana, enthusiasm both from the interviewers and interviewees was affected on 
particularly hot days. Similar to Storey's experiences, the rainy season in Ghana 
brought on two bouts of malaria which adversely affected the author's capacity to work 
Appropriate, cooler clothing would have been desirable to wear when conducting Nvork 
in the field. However, as in many IDCs, particularly when meeting officials, it is 
necessary to wear formal (Western) clothing. In India "shorts are worn by school 
children and sportsmen, not researchers" (Sen, 1983). In many IDCs, and certainly in 
Islamic countries, women should dress modestly. 
12.10 Logistics 
During the research (and continuing to date) Ghana was experiencing an energy crisis 
with load shedding in most areas allowing electricity for just 12 hours per day (EIU, 
1998). Without an uninterrupted power supply, precision equipment and computers 
could not be reliably used. This also meant that air conditioning units or fans were 
inoperational, resulting in offices becoming thermally uncomfortable. Furthermore, 
work indoors was restricted to daylight hours. Absences of members of staff at research 
institutions during periods of load shedding were not uncommon. 
In addition to limited power supplies, petrol and diesel shortages regularly occurred, 
with no fuel being available for several days at a time. This constrained project work, 
with visits to distant villages being impossible and project workers based in Accra, the 
capital city being unable to reach the project area. It was not unusual for staff to spend 
days queuing up for fuel rather than working on the project. 
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12.11 Research capacity 
Many libraries and information centres in sub-Saharan Africa lack resources and are 
therefore poorly stocked (Barasa, 1987). Combined with other information sources 
being scattered, unorganised and not easily reached (Storey, 1997), access to references 
will often be restricted in IDCs. 
Computers were seen to be increasingly common in Ghana, with most academic and 
agricultural research institutions having access to a PC. Often however these were 
older models, donated through schemes to recycle outdated systems from ICs. Attempts 
to install recent software on older machines often failed. Choice of software was seen 
to reflect the donors' priorities rather than the needs of the local users. For example in 
one institution visited a comprehensive PC network had been installed by a German 
development agency. Whilst English was the language used by the users, the interface 
was in German precluding understanding and use of much of the software's facilities. 
12.12 Location of research 
Working in an academic institution presented problems. Lack of funding and resources 
resulted in low motivation and regular absences of staff In universities, work can often 
be hindered by negative perceptions towards the researcher from an IC. It is not 
unusual to encounter the attitude that foreign academics go to developing countries to 
r4 exploit local scholars and go home to advance [their] careers at [the local scholars] 
expense" (Dubois, 1986) 
The success of PRA discussions often depended upon location in which they were 
undertaken. As reported in Mukherjee (1996), shade, space and quiet location were 
necessary for focused and open discussions amongst eligible participants. Conducting 
the PRA near the participants homesteads had the advantage of causing minimum 
disturbance to their daily routines however it often also resulted in , initially at 
least, 
interference from large crowds of curious on-lookers. 
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12.13 Bureaucracy 
Administration in many IDCs is characterised by inefficient bureaucracN, and 
officialdom. Obtaining clearance for research can take long periods of time. Similarly 
if scientific equipment is to be taken to an IDC it is important to ensure that customs 
clearance will either not be necessary or is arranged before travelling to the IDC. 
Barasa, (1987) considers bureaucracy to be a major impediment in disseminating 
agricultural research findings, with results having to go through policy makers; 
conversion into simpler forms by specialists; then through various levels of extension 
before they finally reach the farmer. At this point the information can be out-dated and 
no longer of use. 
12.14 Sponsorship of project 
During the research in Ghana several projects were encountered where the interest of 
the sponsoring agency appeared to influence the direction of the work. For example 
political interests dictated the choice of technologies with little attention being given to 
participation in the choice and development of the technology. In such a climate the 
scientific integrity of the ergonomist may be challenged. 
Adequate funding was essential for work to be effectively accomplished. When 
working with many local research institutions it was apparent that the availability of 
funds was a precursor to the commencement of practical assistance from such 
institutions. 
12.15 Conclusions 
Conducting research in an IDC can be a difficult, frustrating and sometimes 
problematic task. Abbot (1995) suggests that methodology has to mould with the 
situation arguing that it is important that methodology "does not remain alien to its 
setting so that it can satisfy the criteria of 'sound research. "' This is not to suggest that 
research in IDCs will lack scientific integrity. From the experiences and research 
conducted in Ghana presented in this thesis it is forwarded that an adaptive ergonomics 
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approach is required when working in rural IDCs with a core participatorýl focus 
adopted with objective ergonomics measunng tools being used to reinforce the findings 
of the participatory work. 
MatteTs that need to be taken into account include the following: 
Awareness of possible communication problems and need for relevant training of 
project staff. 
U Awareness of local customs, protocol, and cultural taboos, both when working With 
local communities and when meeting officials. 
U Develop mutual confidence to ensure honest answers and avoid suspicion towards 
researcher. 
U Understanding of time and dates as practised by subject population. 
ýJ Consideration of logistical problems such as ease of access to communities and 
reliability of utilities when planning time schedules. 
U Consider impact on research from climatic conditions. 
U Availability of resources for research. 
U Awareness of bureaucracy and ensure adequate funding from outset. 
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13. Conclusions 
1. This thesis has demonstrated that there is a need for the application of ergonomics 
in international development programmes. Firstly, 
a) In the sample of Ghanaian subsistence farmers there was a high incidence of 
occupational disorders, with lower back pain being endemic. Subsistence 
farming may be considered a hazardous occupation with a high risk of accident 
or injury. This is common throughout the agricultural sector with people 
involved in post harvest agroprocessing being similarly affected. 
b) Agricultural development is being increasingly promoted by international 
organisations as a means to generate additional income, particularly being 
targeted at poorer women. In Ghana, central to many of these initiatives has 
been the transfer of technology. This however has often been short sighted in its 
approach in terms of macro and micro ergonomics influences. 
c) From observations made of farmers undertaking agricultural work in the field, 
the work was laborious, farmers consistently complained of suffering from 
fatigue and/or bodily pain and discomfort at the end of the work with heat stress 
being identified as a potential problem. 
2. Given the problems of human work in rural subsistence agriculture, and the 
appropriateness of an ergonomics approach to address these problems, tools 
methods and standards will be required for the ergonomist to maximise hisher 
effectiveness. 
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a) Heat stress standards as an example of a body of knowledge that may be 
appropriate for use in tropical agriculture were used in the field however 
limitations in the research methodology prevented a conclusive evaluation being 
made. They were therefore evaluated in the laboratory for thei IIy and ir usabilit- 
validity in a simulated tropical environment 
The standards were found to be valid if over protective. It can be anticipated 
that the ISO 7243 can be easily used in IDCs, however the usability of ISO 
7933 in II)Cs may be questioned. Without a computer the paper based 
document for IS07933 was found to be too academic and theoretical in its 
approach and thus unusable. 
Tropical agriculture is characterised by high levels of solar radiation. The 
failure of ISO 7933 to accommodate for solar load was addressed. 
Calculating heat transfer using partitional calirometry proved a valid method 
for deducing solar heat load. Equations for estimating this were proposed and 
may be incorporated in ISO 7933. 
b) Various practical problems were encountered during research, including an 
awareness of cultural differences, and difficulties with logistics and 
communications that all served to make field work time consuming and 
challenging. From a pragmatic approach to the usability of tools in the field, 
they were found to be generally usable, although the approach often required 
adapting to local circumstances whilst maintaining scientific integrity. For 
example written questionnaires and scales could not be used with an illiterate 
audience and required simplifying for verbal presentation. Participation, using 
established participatory rural appraisal methods increased the likelihood of 
success of ergonomics interventions. 
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14. Recommendations 
From the research presented in this thesis, the following recommendations are made: 
1. Many development projects cite the reduction of drudgery as a goal however this is 
often unclear in its definition. Ergonomics provides scientific methods for assessing 
'drudgery' and methods for addressing it. There is therefore a clear need for greater 
promotion of ergonomics within the international development community. 
2. Because of the high incidence of work related injuries from hand tools in Ghana, 
there is a clear need for improvement in the design of agricultural implements. Any 
such initiative must be participatory in its approach if success is to be achieved. 
3. There is a need for research into the effects of working postures adopted by 
populations in II)Cs such as Indians squatting and Ghanaians stooping when 
undertaking activities at floor level. 
4. Given the difficulties in using subjective rating scales with illiterate audiences, the 
use of an alternative method that maintains the objectives of the scale in a valid and 
usable format should be further investigated and developed. 
5. There is a need to investigate the claims of farmers that fevers are caused by work in 
the heat. Medical evidence would suggest that this is a symptom of malaria, 
however it could be caused by heat stress from working in conditions with high 
ambient and radiant temperature combined with high levels of humidity. 
6. There is a need to adopt a systems approach when transferring technology, 
considering the macro and micro ergonomics issues, including an ergonomics input 
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at an early stage of planning and development to adapt to the situational and cultural 
needs of the recipient through a more participatory approach. 
7. When developing new technologies, prototyping and trial stages should be 
incorporated with involvement of all stakeholders including donors, local 
manufacturers (including artisans) and end users. 
8. Before new technologies are introduced, attention needs to be paid to identification 
and availability of local repair services and spare parts, i. e. a whole systems 
approach. 
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m Part Five Appendices 
Appendices 
Appendix I Skeleton checklist used during interviews with 
health professionals 
Do you treat farmers with disorders that may be related to farming activities? 
What work related health problems do farmers suffer? 
Most are the most common complaints from farmers? 
What are the most common injuries? 
What are the most common farming injuries Causal factors? 
Seasonality of injuries? 
Do farmers complain about particular activities How prevalent do you think the 
following are: 
9 Pesticide poisoning 
* Musculoskeletal disorders 
9 Injuries from hand tools 
o Animal injuries 
0 Heat stress 
o Other accidents/ injuries 
9 Other 
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Appendices 
Appendix 3 Raw data from farmers survey 
Abbreviations used in tables 
Do. Doosola Krom 
Ab. Abotoreye 
C Clearing (slashing, burning, tree felling, removing stumps) 
Cn Cultivation (weeding, general tending to crops, mixing and spaying chemicals) 
P Preparation (mound making, bed making, planting 
0 Other 
H Harvesting 
Am. Ampenkro 
Aw. Awesadaa 
At. Atabi No. 2 
Appendix 4 Raw data from farmers survey: Incidence of disorders during Dry Season 
No, VdIage I Age cudass; Hoe Snake Bite Bite S S ft Achempon 
9 
Speargrass Waist B 
pain 
ack pain F ever ChesT 
vain, 
Bicydc Ig unshot burn Chernical ardom 
bone 
billootion 
I Ab. 1 69 c p H - H cc c r, 0 c c 
2 Ab, 63 c CC 
p 
p Cn cC nC n p 
3 Arn. 1 54 C Cn Cn Cn cc c 11 c c H 
4 Ain, 39 C p H Cn c C n 
5 Aw. 61 c p p p _ cc c 
6 Am 57 CI pI H Cn c c p 
7 Ab 54 Cn I Cn H Cn c c c H 
8 Ab, 49 H c c Cn H 
9 Aw. 
i 
52 C Cn (-n p cc c p 
I 
10 At, 47 C Cri p H H P c c Cn 0 
It 
II Abý S6 C Tj P c 
c c p 
12 Ab 38 Cn c 
I I I 
13 At) 19 If Cn I H 
11 Ab ol if I If 
Cn 
I p H 
13 C'n p H P- C c 
-18 
15 
C 
Cn Cn p 
p 
Cn : p 
0 
Cn 
c H 
'0 Ah ýs p t I-I 
I II Cn p 
---T ---7 IT 
ýb ý2 Tl - 1 Cyl c Cn 
CT) ji Cn c p 
p p Cn p 41 
24 At) 
2S Ab J. " 11 Cli c 
lo At' 
2, At) 
L 
28 Ab Cli 
29 Ab (A 11 p 
10 Ab I SS 11 
31 Ab H 
32 Do. 42 
33 Doý (, I 
34 At 38 C11 If 
35 
36 
Ab. 
AL 
42 
S2 
37, Do, 60 
38 Ab 39 H 
39 Alb, 92 H jCn C 
40 Ab. 47 1 
41 At H p c 
42 
43 
ý 
Do. 
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Cn 
I 
p c Cn H 
44 
45 
Am. 
Am 
c p c 
p 
Cri p 
46 Am. c p 
47 Am. c p p C11 p 
48 
49 
Arn. 
Aw. 
Cn p p Un 
50 Ab I c c I 
i 
--- 
C 
i 
"I Abý I I I 
S2 Ab Cn 
ECn 
c i 
L:: 
il Ab I H 
I 
-ý-- I 
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I 
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"0 Do 
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58 AA 
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E 
jCn p Cn 
00 Ab Cfl I. Cn p 
Cn_ P cn p 
61 Ab. p c 
02 Ab p l - - 
Cn p 
0 Ab p p c Cn p 
64 Ab. C11 P Cn - H 
05 Ab. I Cn c Cn p 
r 
o6 Ab. H cl) 
67 Ab. c 
68 Ab, c c Cn p 
69 At. p 
70 At p c 
71 At. 
72 Aw. p 
73 Aw 
74 b 
5 75 Ab 
76 A6 
17 Ab 
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c 
C Cn 
Am p c H H c cn 
__86 
Am I P p Cn 
81 Ajn p p c c cn H 
K5 Am p p c cn H 
89 Ab Cn H c c c c c CA I cn 
IX) Ab H c pI Cn p IC p cn H 
91 Ab Cn 
Cn 
92 Ab IH Cn 
93 Ab H I Ic 
94 Ab, I H 
95 Aw, 
___ __ 
Cn [H 
96 Arn. I H p C 
97 Am. Cn Cn 
I 
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99 Ab. H Cn I I c . 1Hi 
100 Aw. 
Appendix 5 Raw data from farmers survey: Incidence of disorders during major season 
No. Cutlass Hoe Snake 
site 
Achempo 
ng 
I Speargra 
ss 
- 
Waist 
pain 
Back pain Fever Chest 
pains 
BIcwle gunshot bum Cnerr<ai 8"(en 
t)one 
Infectbo, 
1 Cn Cn pI P p C p C 
2 C HI C p p C p 
3 C Cn p I p C C p H 
4 C Gn Cn Cn p P, C C C 
5 Cn p P, p p p C 
6 H Cn H CM p CI p C I 
7 P H p C p Cn p H 
8 C Cn p C Cn p C 
9 Cn Cn H H H Cn p C c 
10 Cn Cn C C p Cn p p p ý Cn 0 Cn 
11 C p H C Cn Cn p C 
12 Cn p Cn 
13 p 
14 Cn p p 
15 p 
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60 p C Cn Cr, 
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62 Cn H Cn - 
63 Cn Cn H Cn 
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67 
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Cn 
Cn 
69 Cn H 
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C n p 
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Cr 
H C 
Cn 
-3 Cn P, C 
'4 Cn Cn Cn Cn Cn 
1 
- 
g 
p L p -Tn- , - -- 
p - H p H CrI - 
H H 
p Cn 
H1 0 
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I ari I I Cn 
1 81 Gn 1 0 p p i i C, 
82 Cr, C p 
p p 
84 C c_ 
_ -H 
P H Cn cr cr, 
85 c Cn p Cn Cn c CA 
86 H I cn 
87 Cn Cn p H c 
88, Cn p c 
891 c p p c Cr, 
9O ICn Cn p p Cn 
91 
W 92 p 
93 
94 
E 
9 P ICn 
95 
-P 
p 
96 96 Cn Cn Cr p 
9 97 p Cn Cn c I cr c 
1 98 p cr) I 
.c 99 p c Ic I 
1 C-n I Ip 
Appendix 6 Incidence of back pain, N=40 
Now 7 days 12 month 
--------- ------ --------- NO 14 15 6 
YES 13 10 21 
Not Answered 13 15 13 
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Append1ces 
Appendix 9 Skeleton checklist used during Participatory Rural 
Appraisals 
The process 
" What does it involve? 
" Sources of supply? (distance, availability and transport) 
" Who does what? (gender issues) 
" When is it done? (seasonality etc. ) 
" Where is it done and why? (location: individual or central operation) 
" How long does it take? 
" Training in process and quality control? 
" Sources of energy? 
" By-products and waste, etc.? 
" Does the process have environmental impacts and what are they? 
" Are they familiar with other processing, if so what? 
Reasons for selecting particular technology 
" Why, where and when was it chosen/ purchased? 
" Familiarity with other processing equipment? 
" Competition? 
" Was there influence of local NGOs, FLS etc.? 
" Traditional activity? 
" Availability of raw materials etc.? 
Equipment and maintenance 
" What are the common problems with the equipment? 
" Who repairs equipment, who maintains it? 
" How often is it repaired/ maintained? 
" Source of spare parts? 
Health Safety and Ergonomics 
" Problems with equipment? (design, health, injuries, etc. ) 
" Views of improving equipment, at what cost? 
" Anthropornetrics of users (measurement of body parts) 
" Loss of tabour? (illnesses/accidents/injuries; causes and impact) 
" Use of chemicals? 
" Musculoskeletal disorders? (severity, frequency and duration of pain and discomfort) 
Group Background 
" Why did the group come together and when? 
" How many group members? 
" Ethnicity of members 
" Why was the activity chosen? (Is it traditional or innovaiton) 
Ownership/control/management of enterprise 
" Who owns what? (equity etc. ). 
" Day to day management? (record keeping) 
" Decision making? 
" Membership regulations - written constitution? 
Seasonal Factors 
" Other sources of income? 
" Seasonal differences in energy expenditure for tasks and nutritional status9 
" Type of clothing, hours worked, availability of water, heat problems etc. " 
Costs of production 
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Costs of inputs? (e. g. labour, raw materials) 
Running costs? (e. g. fuel, packaging, storage, security) 
" Fixed costs? (e. g. rent) 
" Transport costs? 
Credit/Finance 
" Enterprise and individual sources of credit? (bank, moneylender etc. ) 
" Nature of financial services in community? 
" Assessment of quality of financial services? (any particular banks and why? ) 
" Experience of dealing with formal institutions? (has group ever applied for loan, do Individuals have 
bank accounts) 
" Savings - what are the main forms of savings? (livestock etc. ) 
" Do they give or receive trade credit? 
315 
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Appendix 10 Entrepreneur's Questionnaire 
General Questions 
Wfiat agroprocessing equipment do you operate? (Full description) 
Why did you choose this/these particular types of equipment? 
I 
Where did you purchase it/them from and why? 
When did you purchase the equipment? 
Date 
--7 
New SH 
wtiat other similar types or processing equipment are you familiar with? 
E 
Are you the sole owner? 
Do you have any competition? 
Yes No Who else? 
Yes No From Whom9 
.. --- -- -_ I 7 
How and where did the operator leam how to operate the machinery/equipment? 
Yes No 
Do you believe agroprocessing is a profitable enterprise? 
171 
_n 
w no are your cu storners 
F 
I 
What role do customers pla in your operation (e. g. feed the machine, empty it etc. ) 
Do customers complain about your services? Describe 
Design 
What are the good points of the ec 
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What are the bad points of the equ 
What are the common problems with the equipment 
How often is the equipment/machinery maintained and what does this involve9 
- --- 
_wnai 
are ine common re airs or causes ot breakdown with the equipment. ' 
. 
Who undertakes the maintenance and repairs (minor and major) for you? 
Have vou modified the 
Can vou sujzgest anv wavs the equioment could be immoved? 
Have anv accidents. iniuries or critical incidents occurred 
Yes No 
Is operating the machine hard work? 
Does operating it result in pain or cliscomtort-f 
I 
Is protective equipment wom during use (e. g. gloves, face mask)? I 
How easy do you consider this Very Easy OK Hard Very 
equipment to use? Easy Hard 
Machinery 
Manual Petrol Diesel Firewood Electri 
How is it powered? I -i 
I 
-i 
L- I 
-j 
Where was it made or assembled (Description of engine) 
Yes No if no, when" 
317 
Append1ces 
Was it bought as with other equipment? 
What are the rates of output, fuel/enerizv ( 
. 1L - -- -I-*- - 4c--- -, IIIII. I lb LIM 1114UH110 IndjCnea to ine equipment, can other machines be used? 
Is there any specific type of engine or power source you Prefer and why? 
How easy is it to start? Very Easy OK Hard Very 
Easy Hard 
How many attempts are usually required to start it? 
Yes No 
Could a woman start the engine? 
Yes No 
Does the engine run all year round? 
Yes No How long (Hrs) 
Is the equipment used everyday? How long? 
When is the most busy time? 
How satisfied are you with the equipment? (very satisfied-not very satisfied) 
I 
Can you name any other makes of processing equipment? 
Finance 
What is the cost of the various equipment and how was funding obtained? 
I 
Would you borrow from the bank or other source of finance? 
ion, oil, wood, water etc. 
Would you consider leasing equipment? 
What do or use of ec f and how do you determine what to 
Yes No 
Yes No 
-hnrat-9 
Do the same rate or do certain customers rates? 
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In your opinion, what are the pros and cons of group ownership of processing machinery 
in your opinion, what are the pros and cons of individual ownership of processing machinery 
Do you employ Staff? 
Do you keep records? 
How many customers do you have? 
No Num Salary 
Yes No 
Busy Day 
II 
Quiet da iy 
Thank you for your help 
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Appendix 11 Summary of results from semi-structured 
interviews during PRAs 
Locafion Aworowa Bamboi Branam Buoyem 
Processing Acti,, ity Gari Gari Pito Brewing Gari 
Ne%N technolop- Yes Yes No No 
NGO Group support No Yes NO Yes 
Machinery supplied by NGO Yes Yes N/A N/A 
Inappropriate technology (never or rarely used) Yes Yes N/A N/A 
Technical shortcomings (idle or inefficient) Yes Yes N/A N/A 
User dissatisfaction No Yes N/A N/A 
Maintenance schedule" No No N/A N/A 
Aware of other technologies? No No No No 
Designated person for servicing? No No N/A N/A 
Machinery operated by? Employee Employee cSM cSM 
Consultation m choice of equipment? J No__ I No I NA I NA 
Trammg? I Yes I Minimal I NA I NA 
Location Kumasi Kumasi Mesidan Nsawkaw Ntwiasu Sikaa 
Processing Activity Gari Palm oil Gari Cashewnut Oil Palm Gari 
New technology Yes Yes Yes Yes No Yes 
NGO GToup support No No Yes Yes Yes Yes 
Machinery supplied by NGO No No Yes Yes No Yes 
Inappropriate technology (never or rarely Used) No No Yes No N/A Yes 
Technical shortcomings (idle or inefficient) No No Yes No N/A Yes 
User dissatisfaction No No Yes No N/A Yes 
. Maintenance schedule? Yes Yes I No No N/A No 
Aware of other technologies? Yes Yes No No Yes No 
Designated person for servicing? Yes Yes No No N/A Yes 
Machinery operated by'? Member Member Member Member N/A Employee 
Consultation in choice of equipment? I Yes I N/A No I No I N/A No 
Trairung? I Yes I Yes INo I Yes IN/A I No 
Location Ntwiasu Sikaa Subinso No. I Subinso No. 2 
Processing Actixity Oil Palm Gari Gari Gari 
New technology No Yes Yes No 
Na) CiToup support Yes Yes Yes No 
Machinen, supplied bry NGO No Yes Yes N/A 
Inappropriate technology (never or rareIN used) N/A Yes Yes N/A 
Technical shoricomings (idle or inefficient) N/A Yes Yes N/A 
User dissatisfaction N/A Yes Yes N/A 
Maintenance schedule'? N/A No No N/A 
Aware of other technologies? Yes No No N/A 
Designated person for senicing? N/A Yes No N/A 
Machmery operated by? N/A Employee Employee cSM 
Consultation in choice of equipment? N/A I No I No N/A 
Training'? _ N/A INo [Yes IN/A 
Location Subinso No. 2 Tano Boasi Techinian Tiniiabu 
Processing Acti%-itN Pito Brewing Groundnut Oil Groundnut Oil Soap 
NeNN technolog% No No Yes No 
N60 OTOUP Suppon No No Yes Yes 
Machmery supphed In, NGO No N/A No No 
1nappropfiate technology (neNer or rarely USed) N/A N/A Yes N/A 
Technical shortconungs (idle or mefficient) N/A N/A No N/A 
I'ser dissatisfaction N/A N/A Yes N/A 
Mamtenance schedule? N/A N/A N/A N/A 
Avvare of other technologies" N/A Yes Yes N/A 
Designated person for semcing? N/A N/A N/A N/A 
klajune: rý, operated bry? csm csm csm N/A 
, Consultation in choice of equipment? I N/A I N/A IN/A IN/A 
f ra muV? I N/A No IN/A IN/A 
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Appendices 
Appendix 13 Raw data from agro-processing checklists 
Appendix 14 Checklist results 
Gad Palm Oil Cashew Groundnut Pito Soap Mifling 
Number of tasks observed 56 12 7 10 8 4 33 
Y N Y N 
-Y 
N Y N Y N Y IN Y IN 
I Handle objects> 4.5kg 23 33 _ 2 _ 10 3 4 4 6 3 5 0 14 22 1 111 
2 Grip or hold > 2.7kg 33 23 2 10 0 7 1 9 10 8 0 4 3 1301 3 Grip smooth, slippery surface 14 42 4 8 0 7 0 10 0 8 1 3 2 1 31 
4 Localised pressure 23 33 4 8 2 5 5 5 0 8 0- 4 7 26 
5 Palm or base of hand striking tool 9 47 1 11 0 7 3 7 0 8 0 4 7 26 
6 Finger for pressing or pushing 5 51 0 12 2 5 0 10 1 7 0 4 13 20 
7 Pinch grip 1 55 0 12 3 4 0 10 1 0 8 0 4 1 32 8_ Reaching 29 27 1 11 3 4 5 51 4 4 1 3 10 23 
9 Forceful or quick sudden motions 9 47 5 7 1 6 3 7 0 8 0 41 13 201 
10 linadequate clearance/ 3 53 1 11 0 7 1 4 1 7 0 4 9 24 
11 Walkways uneven, slippery, obstructed 4 52 1 11 0 7 0 5 2 6 0 4 19 14 
12 Repetitive use of the hands 35 21 11 1 5 2 10 0 4 4 2 2 24 9 
13 The work cycle< 30 sec. 16 19 5 6 2 3 0 10 2 2 2 0 7 17 
14 Repetitive motions > 1/2 work cycle 19 16 6 5 3 2 10 0 2 2 0 2, 17 7 
15 Reaching down and behind the torso 45 11 8 4 4 3 3 7 8 0 2 21 22 11 
16 Elbow used at or above mid-torso level 7 49 2 10 0 7 1 9 2 6 2 21 10 23 
17 Twisting at the waist 33 23 2 10 1 6 0 10 2 6 1 3 9 . 24 
18 Sustained static muscle contraction 24 32 7 5 2 5 8 2 2 6 2 2 12, 21 
19 Little alternation of posture 24 _ 32 2 10 5 21 3 2 2 61 0 4 121 _ 21 
20 Restricted change in body position 13 43 3 9 3 4 4 1 2 6 0 4 9 241 
21 Wrist deviation 29 13 12 0 5 2 8 2 8 0 4 0 16 17 
22 Excessive heat 21 35 5 7 0 7 61 4 3 5 2 2 8 25 
23 Poor light 2 54 0 12 0 7 0 10 0 8 0 4 27 6 
24 Excessive noise 4 52 0 12 0 7 0 10 0 8 0 4 29 4 
25 Odour/ dust/ smoke 31 25 4 8 0 7 5 5 4 4 1 3 27 1 6 
26 Inadequate ventilation 2 54 0 11 0 6 0 10 0 81 0 4 241 91 
27 Are hand tools used 26 30 9 3 3 4 6 4 5 31 2 2 11 32 
28 Vibration 2 24 0 9 1 2 0 6 0 51 0 2 01 0 
29 Rapid triggering finger 0 1 26 0 9 0 3 0 6 0 51 0 2 01 0 
30 Unbalanced tool or object 9 17 1 8 0 3 2 4 0 5 0 2 01 0 
31 Jerking 6 20 4 5 3 0 01 6 2 3 0 2 0 0 
32 Tool handle too small or large 11 15 1 8 0 3 5 1 0 5 0 2 0 0 
33 1 Hot tool 7 19 1 8 0 3 4 2 4 1 2 0 0 0- 
34 Bent wrist 18 1 8 3 6 2 1 6 0 5 0 2 0 0 0 
35 Machinery used 11 45 1 11 3 4 1 91 0 8 0 4 31 1 2 
36 Emergency controls missing I1 0 0 1 1 2 0 1 0 0 0 
R 
0 12 19 
37 Fixed uards missing 11 0 1 0 0 3 0 1 0 0 0 28 3 r 
3; -1 Dirty and poorly maintained equipment 7 4 0 1 0 3 1 01 0 0 o 0 15 16 
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Appendix 15 Survey of occupational health disorders at Asokwa Gari 
Processing Co-operative 
Name: Age: 
_ 
Years working at Asokwa: 
Activity presently engaged in: 
- 
We want to-find out what iniuries andproblems the women havefirom gari processi . ng. 
Have you had any aches, 
pains or discomfort in: 
Now During the last 
7 days 
-v/ 
During the last 12 
months 
Did it stop you from working9 
If so for how many days" 
Neck 
Left Shoulder 
Left Elbow 
Right Shoulder 
Right Elbow 
Wrist/hands 
Upper back 
Waist 
Hips/thighs/buttocks 
Knees 
Ankles/feet 
Vf 
Have you suffered from: During the last 7 days 
(how did it happen? ) 
During the last 12 
months 
(how did it happen? ) 
Did it stop you from 
working? If so for how 
many days? 
Eye irritation 
Knife injury 
Skin problem 
Bum 
Chest Pain 
Fever from work 
Other injury or problem 
Which is most laborious 
activity? 
Peeling/ washing 
De-watering 
Grating 
Roasting 
How much time do you spend 
on each activity? % 
Peeling/ washing 
De-watering 
Grating 
Roasting 
Thank vou for your help. 
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Appendix 16 Seasonal Calendars drawn up by participants at 
Participatory Rural Appraisals at six villages in Brong Ahafo, 
with Activities undertaken in months shaded 
Branham 
Crop Activity JIFIM I-A M I JI JI A S1 01 N DI 
Plant 
..................................... .. Yam 
. 
Harvest 
..................................... . .. ... 
. ...... 
Price . . .. ...... ........... ......... 
Plant 
Maize ............................... Harvest 
...................................... 
......... ......... ......... 
......... ................... 
. ....... 
.. -...... 
..... ... 
........ 
...... M. .......... ....... 
....... ... Iw 
........ ......... 
. ........ ......... Price 
Plant 
Groundnut ....................................... Harvest ......... ... ..... ......... 
........ ......... ......... ......... ................................. Price ........ ......... ........ ....... .. 
Plant 
Cassava ...................................... Harvest ol'IN jwýý ....... ......... 
.... . . 
jail - --------- --- 
... ................................ Price ----- ......... . ..... .... ----- 
Plant 
....................................... ................... ......... ......... ...... ......... .......... ......... ......... Gunieacorn Harvest 
. .. ... ......... .......... ...................................... Price ......... ......... ......... ........ . ....... ......... ......... ......... .. .. . 
Plant 
Beans .................... .................. Harvest ... ...... ......... 
........... .I ........ ......... 
......... 
......... 
......... 
. ..... ....................................... Price .................... ......... ........ ....... ....... ... 
Rain 
Kokonte 
Eat gari 
Fufu Quality G4 
Work intensity 
Subinsou #1 
J FM A MI J IJI AI 
-Sý 
0 1 N 
Plant 
...................................... .................... --- ......... Yam Harvest ....... ......... ......... ..................................... Price . . .... . . 
Plant 
............ ......................... ........ ...... ....... ........... Maize . Harvest ...... ....... ....................................... Price ......... . ........ ......... . ....... ... 
Plant 
...................................... ........... ..... 
la w 
......... . ........ . ........ ......... ....... ...................... Groundnut Harvest 
....... ................... ......... ....... - .......... ....... ... ......... ....................................... Price ... ..... ..... ......... . 
Plant 
...... ................................. ......... . ... ... ..... ....... -------- -------- ... . ........ Cassava Harvest 
...................................... ........... ........ ...... ......... 
.. 
Price 
Plant 
............................... H vest 
. ... ........ low ......... . ..... 
Beans ar . ........ ........... ....... ...... . ......... ......... ...... ... ......... ..................................... Price ,a 4 
Rain 
Kokonte 
Eat gari 
Fufu Quality G 
Work intensity 
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Subinsou 2 
Crop Activity FMA MJ JA S 0 ND 
Plant 
Yam ................................ Harvest ......... ......... ........ . 
... . ...... ... 
........ ........ 
. . .. . . .. 
. ........ 
.. .. . 
...... 
....... 
......... 
................... ..................................... Price . ... ... ........ . . .. .. . .. .... 
Plant 
...................................... ................... . ........ ..... . ......... ......... Maize Harvest . 
. ...................................... Price ......... ......... ...... --------- 
Plant 
Groundnut ........... ...... .................... Harvest ......... ....... . ........ ........ . ......... 
.. 
..... ......... ......... 
......... ......... ....... ....................................... Price ......... ......... ......... ........ ........ ......... . .. ..... . 
Plant 
Cassava .................. ................. Harvest ......... ......... ...... ........ ......... ......... . ....... 
. .... ................................ Price ......... ........... ....... .. . 
Plant 
Sorghum ...................................... Harvest ......... ---- ---- ......... ........ 
.. . ...... ....... 
...... 
.......... .............. ......... . ......... ...................................... Price ......... ......... ......... ....... 
Plant 
. . ......... ................... 
Beans ....................................... Harvest ......... ........ ... ................... 
......... . ........... ........ ....... 
........... 
.. 
...... 
...................... ................ Price ..... ......... . 
Rain 
Eat gari 
Fufu Quality 
Work intensity 
'Cassava is harvested all year round, the peak harvest is in NovemDer 
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Tano Boso 
Crop Activity i F M A M J T J-7 --A I S1 0 N D 
Plant 
Yam ............................................... Harvest 
.............. . . . 
.... ... ......... ........ .. ...... . ....... ........ 
. . .. .................. Price .. ...... . 
......... 
...... ........ .. ...... 
......... 
Plant 
Maize ............ ................................... Harvest ........ .. ...... ........ .. ...... .. ..... ........ ........ 
............. I ................................... Price ........ -- ------ ......... ......... .. ...... .. ...... ......... ........ ........ . ....... .. ....... 
Plant 
............................ .. . . Groundnut . . ... ..... Harvest ........... ...... ..... ...... . .......... .... 
................................................ Price ........ ........ ......... ........ ................ ........... ........ ...... 
Plant 
. Cassava .................. ............................ Harvest ........ ........ ....... ..... - ------- ........ .. ...... --------- -------- ........ . ....... I .. ....... 
................................................ Price ........ . ....... ........ . ....... ......... ........ ......... ........ . 
Plant 
Tomatoes .......................................... 
. 
Harvest ........ 
......... . ....... =' 
........ ......... * ...... . ........ . .......... ....... .. ....... ....... ..................................... .......... Price ......... . 
i 
I Plant 7w 
Garden egg ................................... Harvest 
................................................ 
........ 
I ........ ;. 
....... . 
................. : ......... . 
....... 
....... 
In 
. 
........ 
....... : .......... ::........ .:........ : .. .... - Price 
Plant 
. . 
Beans ................................................ Harvest . ........ ........ . w ....... . 
. 
....... ......... 
...... ........ ........ 
.... 
................................................ Price ........ . ....... ......... . . ........ . ....... . )3 ý5 G aI a 
Dawa Dawa Harvest 
Rain 
Process Groundnuts 
Eat gan 
Fufu Quality 
Work intensity 
'High price for maize depends upon harvest 
2 Cassava is harvested all year round, the peak harvest is in March 
'Dowa dowa is processed throughout the year as the beans store 
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Nsokwo 
Crop Activity J F M A M J J A S1 01 N 1 DI 
Plant . 
Yam ........ ....................................... Harvest 
........................................ ..... ... 
.. 
.. 
....... ........ ........ ........ ........ W- ..... am 
Price . ........ ... ....... ........ .......... 
Plant 
................................................ ..... .. Maize Harvest 
. 
. 
................... ............................ Price ....... ..... ........ ........ .... ..... 
Plant 
............................................... ........ . ....... .. . . .. . . . . Groundnut Harvest .... . .... .. ........ ......... ......... ....... ........ ........ ....... 
................................................ Price ... . ...... ........ ........ ........ ........ ......... ................. ........ 
Plant 
Cassava .................. ........ ................... Harvest ........ . 
. 
....... . ........ ....... ...... .... ......... %ý ............. 
I ................................................ Price ........ . ....... . ........ ........ . ................. ........ ......... ......... ........ 
Plant 
................................................ ......... ................. ......... ........ ........ ........ ......... Cashew Harvest 
.... .................... .......... .. Price ........ ........ ........ ........ ......... .............................. 
Rain 
Eat Kokonte 
Eat gari 
Fufu Quality 
Work intensity 
'Cassava is harvested all year round, the peak harvest is in October 
2 As there is no 'serious market' no seasonal flucuations in price could be suggested 
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Nchiraa 
Crop Activity iF M AM J j JI AI S 0 N 1 DI 
Plant 
. 
_ . 
. Yam ........... ................................... Harvest ........ ........ ... ...... .. ....... .. ...... ... ..... ......... 
........................................ Price ........ ........ .. la ; la :ý ......... la :: ...... ........... fý :: la :: ...... la :: ... G: .. ý ý ........ .. ...... 
Plant 
. 
i n 
I Maize ......................................... Harvest ........ ......... .. ....... ....... ... ..... .. . ..... 
................................................ Price ........ ........ ... ..... 
Plant 
................................ .. . . . Cassava . .... ........ Harvest 
................................................ 
........ 
....... . 
........ -- ------ ........ ... ...... ; .. 
. 
...... .. ...... ........ 
Price . ........ .. ....... .. ....... ........... ............... ... ...... ... ........ ...... ......... 
Plant 
...... I ........................ .. . . 1 
Ji m 
. Tobacco . . . .......... Harvest ........ ........ .. ... .. ...... ............. f .................................. Price - ..... ........... ....... .. ...... ........ .. ...... .. ..... ............ ....... 
Plant 
.......... ...................... ............ .......... ...... .. .... ........ ...... .. ...... .. ..... . ....... Tomatoes Harvest 
. . . .. ....... ........ ... ... - ...... ...... ...... ................................ ...... Price ... . 
Plant w 
Beans ........................................ ....... Harvest ........ .. ................. . ..... .. ....... 
... . ................................................ Price ........ .. ....... .. ...... ........ .. ...... .. ....... .. ...... . . . . 
Plant M W IM Garden egg ................................................ Harvest ........ ........ .. ...... - .. ....... . . ...... .. - .......... . .... ....... ................................................ Price ........ ........... . ......... . ........ : F 7 
Plant 
Pepper 
............................. .................. 
Harvest 
. 
.. ...... . ....... .. ....... 
............................................... 
Price 
Jj : 
Plant 
........ ........ .............................. ........ ........ .. ....... .. ...... . ...... . ...... Cotton Harvest 
. ...... ....... .. ....... . ...... ................... .. . ...... . ........ ............. .................................. Price ........ .. .. 
Plant . ....... 
Okra ........ .......................... Harvest ýs .. 
........ 
....... 
. ....... i ........ .. ....... . ....... . ..... Pr ce 
Plant 
........... .................................... ....... . ....... -- ------ . ...... . ........... ....... Onion Harvest . 
. ....... ......... .. ....... .. ... ... . ........ ................................................ .......... ........... ...... Price 
Plant 
............................................. ........ ......... 
Mm 
. ....... ........ . ................ . .... ......... Groundnut Harvest 
.......... .... ;. .... .................. ....... ........ . ..... .......... ................................................ Price ........ 
Plant 
............... - ------- ....... . Oil palm Harve st .............. ....................... Price 
Rain 
Process Oil palm 
Process gan 
Process kokonte ML 
Eat gari 
Fufu Quality .3 
Work intensity 
'Price is fixed throughout the year 
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Appendix 17 Raw data from investigation into heat stress on the farm 
Appendix 18 Raw data for globe temperature(OC) 
Time 
- 
00: 00: 00 
- 
00: 05: 00 
- 
00: 10: 00 
- 
00: 15: 00 
00: 20: 00 
00: 25: 00 
00: 30: 00 
00.35: 00 
00.40: 00 
0045.00 
Sub. I 
25.6 
24.8 
24.6 
24.6 
24.6 
24.6 
24.6 
25.0 
25.0 
25.0 
Sub. 2 
25.4 
25.0 
24.8 
25.2 
25.4 
26.0 
26.0 
26.0 
26.0 
25.8 
Sub. 3 
26.0 
26.6 
27.0 
27.4 
28.0 
27.8 
28.2 
28.2 
28.8 
29.4 
Sub. 4 
17.4 
16.8 
17.4 
18.2 
19.0 
19.0 
19.0 
19.6 
22.0 
23.8 
Sub. 5 
29.0 
29.0 
29.2 
29,8 
30.8 
31.0 
31.6 
31.8 
33.4 
31.8 
Sub. 6 
29.0 
30.0 
30.8 
31.2 
30.4 
30.0 
29.9 
29.2 
31.1 
33.0 
Sub. 7 
18.0 
18.4 
19.2 
19.6 
20.0 
20.8 
21.0 
21.8 
22.4 
23.2 
Sub. 8 
25.6 
26.2 
26.4 
27.0 
27.4 
28.0 
28.4 
28.6 
29.4 
29.6 
Sub. 9 
28.4 
286 
29.2 
29,6 
MO 
298 
29.6 
30.0 
29.6 
31.2 
Sub. 10 
262 
25.8 
26.6 
26A 
2TO 
29.0 
29,0 
302 
290 
298 00: 50M 25.0 25.8 Ti 24.0 32.0 34.0 24.0 29.0 32.2 29.4 
-M55W 
25.2 26.2 
- 
31.0 24.8 33.2 32.8 24.6 28A 33.2 286 
01: 00100 25.2 ýE 2 30.8 25.8 33.8 30.4 25.6 34.0 286 
01: 05: 00 25.2 26.6 31.2 26.6 33.8 34.2 26.2 33.4 286 
01: 10: 00 25.2 27.2 31.2 27.0 33.6 32.8 26.2 33.8 288 
01: 15: 00 25.2 27.8 30.4 27.0 33.8 30.4 27.4 33.4 29A 
01: 20: GO 25.4 27A 30.4 28.0 34.8 34.6 28.0 34.6 304 
01: 25: 00 25.2 2&0 29.6 29.0 34.8 38.0 28.2 346 31 6 
01: 30: 00 25.2 27.8 30.4 30.0 35.0 39.0 28.8 33.4 31 4 
01: 35: 00 25.2 27.8 30.6 29.6 35.2 39.2 30,2 31 4 31 2 
01: 40: 00 25.0 27.8 31.0 29.2 35.4 38.2 31.2 322 32 -' 01: 45: 00 25.0 28.2 30.4 30.2 35.2 390 31.6 324 330 
01: 50: 00 24.8 27.6 31.2 30.4 35.2 36.2 32.2 328 31 
01: 55: 00 25.0 27.6 30.6 30.4 36.6 390 32.4 334- 
02.00: 00 25.6 27.4 30.6 31.0 37.4 394 31.6 330 3- 
02: 05: 00 26.2 27.2 31.8 32.0 37.0 390 3ZO 3-' -4 02: 10: 00 25.6 27.0 31.2 32.8 37.2 1 388 334 ýj 6 11 34-1 02: 15: 00 25.0 27,0 31.4 32.4 37.0 39.2 318 33 8 32 
02: 20: 00 25.6 27.6 35.6 33.0 38.0 40.0 35.2 350 300 
02: 25: 00 26.4 28.0 32.2 37.8 39.2 342 ý 
ý3 
340 
02: 30: 00 27.4 29.4 32.8 38.4 41,2 346 342 354 
02: 35: 00 28.0 33.4 32.8 38.4 408 362 35 2 374 
02: 40: 00 29.0 35.2 33.0 38.4 44.4 364 362 366 
02: 45: 00 29.4 36.6 31.8 38.8 41.4 360 370 366 
02: 50: 00 29.6 32.4 38.6 39.4 360 368 334 
02: 55: 00 29.6 33.8 38.8 39.4 362 36,8 31 0 
03: 00: 00 29.4 33.6 39.6 39.8 364 36.6 33,0 
03: 05: 00 29.8 33.4 39.8 35.8 35.8 32.2 
03: 10: 00 29.8 34.2 39.2 37,2 37.4 330 
03: 15: 00 29.8 34.2 40.4 36.8 37.8 326 
03: 20: 00 30.0 36.0 39.8 37.2 372 330 
_03: 
25: 00 30.4 36.6 38.8 376 3TO 328 
03: 30: 00 30.0 34.2 39.8 384 388 33.5 
_ 03: 35: 00 31.0 35.4 40.4 39.0 386 35,0 
_ 03: 40: 00 30.8 36.6 38.6 38,8 372 35.0 
03: 45: 00 31.2 36.6 36.6 376 408 33.8 
03: 50: 00 30.4 35.4 35.2 40,8 33.6 
03: 55: 00 1 31.4 40.2 33.8 
04: 00: 00 31.8 40.4 34.2 
04: 05: 00 31.8 42.0 33.8 
04: 10: 00 31.4 41.2 35.0 
04: 15: 00 31.6 40.4 36.2 
04: 20: 00 32.0 40.6 35.8 
04: 25: 00 35.0 41.0 36.2 
- 04: 30.00 35.8 41.4 38A 
04: 35: 00 36.6 40ýO 
04: 40: 00 36.4 41.2 
04: 45: 00 37.6 41.2 
04: 50. -00 37.8 41.2 
04: 55: 00 36.8 40.4 
- 05-. 00.00 38.0 41.6 
05: 05: 00 44.0 43.4 
05: 10: 00 39.6 42.2 
- 05: 15: 00 39.0 41A 
C 05-20: 00 41.4 41 4 
05.25: 00 40.8 416 
05: 30: 00 41.4 1 418 
05: 35: 00 39.2 42.0 
05: 40: 00 43.8 1 434 
05: 45: 00 45.0 41 8 
05: 50: 00 406 
Appendix 19 Raw data for air temperature(OC) 
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Time Sub 1 Sub 2 S 
00: 00: 00 . 24 2 . 24-8 
ub. 3 
---9 - 
Sub. 4 
- 
Sub. 5 
- 
Sub. 6 Sub- 7 Sub 8 
- 
Sub 9 Sub 10 
00.05: 00 . 24 2 246 . 
2 18 .0 - 
27.2 
- 
27.2 
, 
17.2 
- 
24.4 262 256 
00 10: 00 . 24 2 -J4 -6 
17 6 27 .0 28.0 17.6 24.8 264 25-4 
. 00: 15: 00 . 24 2 25 0 .4 .4 
17.8 26.8 28.4 18.0 25ýO 270 26.0 
00: 20: 00 . __ 1 24 2 . 25 0 
26.6 18.6 2TO 28.8 1&2 25.2 272 258 
00: 25: 00 . 24 2 . 2ý -4 
27.0 19.4 
- 
27.6 
- 
28.8 
--- 
18.6 252 276 262 
00: 30: 00 . 24 4 25-6 
27. 19 4 
,8 
ý ý8 ý ýA 19.4 25.2 276 274 
00: 35: 00 . 24 4 25 6 
27. 19.4 28.2 28.2 19.8 26.0 274 276 
00: 40M . 24 6 . 25 6 
27.4 20.4 28.4 
- 
28.0 22-2 26.2 27.8 286 
00: 45: 00 . 24 6 . - 
28.2 22.6 29.2 28.8 20A 26.0 1 27.4 278 
00: 50: 00 
00: 55: 00 
. 24.6 
24 6 
4 
25.4 
25 8 
28.2 
29.2 
24.4 
24.6 
28.4 
29.0 
29.2 
30.2 
21.0 
22.2 
26.6 
26.2 
28,2 
282 
282 
28.2 
01: 00: 00 
01: 05: 00 
01: 10: 00 
01: 15: 00 
01: 20: 00 
01: 25: 00 
. 24.8 
24.6 
24ý6 
1 24.6 
24.8 
24,8 
- _ 
. 25.8 
26.0 
26.8 
27.2 
26.8 
27.4 
30.2 
30.2 
30.8 
30.6 
30.0 
29.8 
29.2 
25.4 
26.2 
26.8 
27.8 
27.4 
28.4 
29.2 
29.4 
30.0 
30.2 
30.0 
30.0 
30.4 
30.6 
29.8 
28.2 
30.0 
31.6 
31.6 
31.2 
31.8 
22-4 
1 23.8 
1 24.0 
1 24.4 
25.2 
25.8 
26.6 
26.2 29.2 
29.8 
29.6 
30.2 
29.6 
30.4 
30.2 
278 
27.8 
28.0 
28,0 
28.6 
29.2 
30.0 01: 30: 00 ý 5- 0 27.2 29.8 30T 30.6 33.6 27.6 30.2 30.0 01: 35: 00 24.8 27.0 30.0 
-- 
30.4 31.0 34.2 28.0 28.8 30 0 01: 40: 00 24.6 27.0 56 4 30.2 31.2 33.8 28.0 29.4 . 30.2 01: 45: 00 1 24,6 27.4 30.0 31-b- 31.0 34.2 28.4 29.8 30.8 
01: 50: 00 24.6 27.0 30.6 31.4 31,0 32.6 28.4 30.2 30.4 
01: 55.00 24.6 27.0 29.6 31.8 32.2 33.8 29.0 30.4 304 
02: 00: 00 25,0 26.8 30.0 31.8 32.6 34.8 28A 30.4 29,8 
02: 05: 00 25.4 27.0 30.4 32.8 32.4 34.6 28.6 30.4 300 
02: 10: 00 1 25.2 26.4 30.4 33.4 32.8 34.8 29.4 29.8 31 6 
02: 15iOO 24.8 26.6 30.6 33.0 32.6 36.2 30.0 30.4 308 
02: 20: 00 25.0 
_26.8 
33.2 30.4 32.4 37.0 30.6 30.4 294 
02: 25: 00 25,6 27.6 29.2 32.8 36.6 30.2 30.6 31.4 
02: 30: 00 26A 28.6 29.4 33.4 37.4 30.4 31.0 32.6 
02: 35: 00 26.8 32.2 29.6 33.4 37.4 31.8 30.4 33.6 
02: 40: 00 27.4 33.8 29.4 33.8 36.2 1 31 6 32.0 33.8 
02: 45: 00 2T8 36.0 28.6 33.6 36.4 31.8 32.6 34.2 
02: 50.00 27.8 29.0 _ 33.8 35.0 32.0 33.2 32.2 
02: 55: 00 28.0 30.2 34.2 35.8 32.0 33.6 30.4 
03: 00: 00 27.6 30.2 34.6 38.0 32.0 33.0 30.8 
03: 05: 00 28.0 30.2 34.6 1 31.6 32.4 30.4 
03: 10: 00 28.0 31.2 34.2 32.4 32.6 33.2 
03: 15: 00 28.2 31.4 35.2 32.4 33.2 33.8 
ý3: 20: 00 28.4 33.4 35.8 32.6 33.2 33.4 
03: 25: 00 28.8 32.8 35.8 33.4 32,8 31 ý2 03: 30: 00 28.2 30.6 35.8 33.6 33.8 32.5 
03: 35: 00 29.2 31.0 35.8 33.8 33.5 32.6 
03: 40: 00 28.8 31.8 34.8 33.8 33.4 32.8 
03: 45: 00 29.2 31.6 35.0 35.6 36.2 32A 
03: 50: 00 28.8 31.0 33.8 36.2 32.4 
03: 55: 00 29.2 36.2 32.6 
04: 00: 00 29.4 36.8 33.0 
04: 05: 00 29.6 38.8 32.8 
04: 10: 00 29.2 37A 32.8 
04: 15: 00 29.6 36-8 33.0 
04: 20: 00 29.8 36.6 32A 
04: 25: 00 30.0 36.8 31.4 
04: 30: 00 30.4 37.0 36.2 
04: 35: 00 30.6 37.8 
04: 40: 00 31.6 38.8 
04: 45: 00 30.4 38.4 
04: 50: 00 30.4 37.6 
04: 55: 00 30.4 38.6 
05: 00: 00 31.8 39.0 
05: 05: 00 32.0 39.0 
05: 10: 00 31.2 38.2 
05: 15: 00 31.6 378 
05: 20: 00 32.4 37,2 
05: 25: 00 33.2 36.6 
05: 30: 00 33.8 37.0 
05: 35: 00 33.6 37.2 
05: 40: 00 35.6 38.0 
05A5M 37.2 37.6 
05: 50: 00 370 
Appendix 20 Raw data for relative humidity 
Time Sub. I Sub. 2 Sub. 3 Sub. 4 Sub. 5 Sub. 6 Sub. 7 Sub. 8 Sub. 9 Sub 10 -41 00: 00: 00 96.0 94.0 90.0 92.5 60.0 30.0 92.5 89.0 88.0 
00.05: 00 96.0 95.5 90.0 95.5 58.5 33.0 91.5 88,0 86.0 91 0 
00.10: 00 96.5 96.0 88.5 96.5 53.5 32.0 89.5 875 835 925 
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00: 15: 00 
00.20: 00 
00: 25,00 
00: 30-. 00 
00: 35: 00 
00: 40.00 
00.45: 00 
00: 50: 00 
96.5 
96.5 
96.5 
96.0 
96.0 
95.5 
96.0 
96.0 
94.5 
94.5 
93,0 
93.5 
93.0 
92.5 
93,5 
93.5 
87 3-- 
86.5 
86.0 
84.0 
84.0 
81.5 
80.0 
78.0 
--77- -0 
94.5- 
93.5 
94.0 
91.5 
87.0 
ýo- 
82.5 
53-5 
47.5 
48.0 
50.5 
45.5 
45.0 
45.0 
41.0 
28.5 
27.0 
255 
25.5 
24.0 
25.5 
26.0 
27.0 
88.0 
87.0 
845 
820 
81,5 
82.5 
7T5 
75.0 
88.0 84,0 
87.0 82.0 
85,0 80.5 
85,5 81.0 
845 80.5 
830 a0.5 
820 79,5 
825 76.0 
j 905 
90.5 
890 
855 
830 
81 ý5 845 
81 5 00: 55: 00 96.0 92.5 73.5 79.5 40.0 27.0 73,0 825 763 ý 825 01 .. Moo 96.0 92.0 73.0 76.5 39.0 26.0 71.5 715 82.5 01: 05: 00 96.0 91.5 71.5 73.5 36.5 24.0 68.5 7M 845 01: 10: 00 96.0 88.5 72.0 73.5 37.0 20.0 69.5 71.5 825 01: 15: 00 95.5 88.5 72.0 75.5 36.0 23.0 67.5 74.5 820 01: 20: 00 95.5 89.5 73.0 72.5 36.5 21.5 65.5 70.5 78.5 
01: 25: 00 95.5 87.0 76.0 70.0 37.5 23.0 64.5 71.0 78.5 
01: 30: 00 96.0 88.0 74.0 68.5 39.0 20.0 64.0 71.0 76ý5 
01: 35: 00 97.0 88.5 71.5 69ý5 36.5 20.0 65.5 78.5 74.0 
01.40: 00 97.0 88.5 71.0 69.5 37.5 19.0 66.0 TT5 750 
01: 45: 00 97.0 88.0 72.0 62.5 36.5 20.0 68.5 76.0 720 
01: 50: 00 97.0 88.0 69.5 62.0 37.0 20.0 69.0 75.0 71.5 
01: 55: 00 96.5 89.0 72.0 62.5 35.5 19.5 70.5 75.0 72.5 
02: 00: 00 94.5 89.5 71.5 53.5 36.0 18.0 71.0 73ý5 71.5 
02: 05: 00 96.0 8.8.5 70.0 51.5 36.5 19.0 71.5 74.0 74,5 
02: 10: 00 97,0 90.5 68.5 54.5 34.5 18.5 70.5 74.3 73.5 
02: 15: 00 96.0 89.5 67.5 56.0 35.5 18.0 68.0 73.0 69.0 
02: 20: 00 95.0 89.5 59,0 56.5 37.0 17.5 67.0 70.5 69.5 
02: 25: 00 93.0 87.5 60.5 35.0 17.5 67.0 7Z5 750 
02: 30: 00 91.0 86.0 60.5 34.5 16.0 68.0 70,0 66.5 
02: 35ý00 88,0 74.5 61.0 34.5 19.0 64.0 70ýO 645 
02: 40: 00 85.5 6U 64.0 35.5 18.5 63.0 66ý5 60.5 
02,45.00 87.0 62,5 60.0 36.5 17.5 58.0 66.0 58.0 
02: 50: 00 86.0 57.0 35.0 19.0 60.0 62,5 57.0 
02: 55: 00 86.5 56.5 35.0 19.5 59.5 61.5 66.0 
03: 00: 00 84.5 55.5 35.5 17.0 60.0 61.5 69.0 
03: 05: 00 85.5 51.0 35.5 63.0 64.5 70.0 
03: 10: 00 83.5 48.5 36.0 61.5 65.5 68.5 
03: 15: 00 82.5 48.0 35.0 63.0 63.5 64.5 
03: 20: 00 81.0 46.5 34.5 56.5 62.0 61,5 
03: 25: 00 81.5 48.0 35.0 57.0 62.5 61 ýO 03ý30: 00 80,0 50.0 35.0 57.0 59.0 66.0 
03.35: 00 80.5 47.5 35.5 51.5 58.5 62.5 
03: 40: 00 79.5 47.0 39.5 49.5 5T0 63.5 
03: 45: 00 81.0 46.5 37.0 45.5 55.0 60.5 
03: 50: 00 80.5 47.0 38.5 52.5 62.5 
- 03: 55: 00 80.5 52.5 64.5 
- 04: 00: 00 75.5 49.5 61.0 
- 04: 05: 00 77.0 46.0 64.5 
04: 10: 00 79,0 49.0 61.0 
- 04: 15: 00 76.0 50.0 61.0 
- 04: 20: 00 77.0 49.0 61.5 
- 04: 25: 00 72.0 50.5 59.5 
- 04: 30: 00 71.0 59.0 57.0 
04: 35: 00 70.0 53.0 
04: 40: 00 71.0 50.0 
04: 45: 00 70.5 45.5 
04: 50: 00 70.5 45.5 
04: 55: 00 68.0 460 
05: 00: 00 67.5 46,0 
05ý05: 00 69.5 45.5 
05: 10: 00 70.5 46.0 
05: 15: 00 67.0 45.5 
05: 20: 00 64.0 46.0 
05: 25: 00 61.0 460 
05: 30: 00 62.0 48.0 
05: 35: 00 57.5 460 
05: 40: 00 53.5 46.0 
05: 45: 00 46.5 
05: 50: 00 46,5 
r 05: 55: 00. 475 
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Appendix 21 Raw data from laboratory investigation into heat 
stress standards 
Appendix 22 Raw data for air temperature 
Time Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 Session 8 6 36.1 36.5 37.3 37.4 37.2 36.7 37.3 37. ý 
6 36.1 36.8 36.5 37 37.6 37.4 37 37.3 
12 35.9 36.7 37.2 37.6 37.3 36.8 37.5 37 
18 36.7 36.8 36.4 1 38 37.5 37.5 37.1 37.4 
24 36.8 36.9 37.3 1 37.6 37.3 36.8 37.7 36.8 
30 36.7 37.2 36.6 1 37.5 37.3 37.1 373 
36 37.5 37.1 37 38.1 37.1 36.8 37.8 36.8 
42 3Tý 36.5 36.6 38 37.5 37.2 37.1 37.5 
48 37.1 37.5 36.3 38 1 36.6 37 37.9 36.8 54 37.7 37.1 37 37.7 37.4 36.7 37.4 37.5 
60 37.2 37.5 36-5 1 37.8 
1 
36.7 37.2 37.9 . 37.3 
66 37.5 37.1 36.9 37.2 37.5 36.6 37.6 37.3' 
72 37.6 36.9 36.6 37.8 37 37 37.6 37.3 
78 37.1 37.6 36.4 37.1 37.5 36.7 37.7 36.8 
84 37.7 37.2 37.3 37.6 37.5 36.7 37.8 . 37.5 
90 37.3 37.3 36.6 37.1 37.4 36.8 37.8 37 
96 37.2 37.6 37.2 37.3 37.6 36.3 37.6 37.7 
102 37.7 36.2 37 37.2 37.1 36.8 37.7 37,1 
108 3Tý 36.6 36.9 37.4 37.8 36.8 37.6 37.8 
114 37.2 36.4 37.2 37 37 36.6 38 37,5 
120 37.4 36.7 37.2 37.3 37.7 36.7 37.6 36.4 
Mean 37.1 37.0 36.9 37.5 37.31 36.9 37.6 1 37.2 
SD 1 0.5 0.4 0.31 0.4 0.31 0.3 0.31 
1 
0.4 
Appendix 23 Raw data for air velocity (m/s) 
Time Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 Session 8 
0 0.27 0.1 0.13 0.3 0.19 0.09 0.25 0.14 
6 0.33 0.1 0.1 0.31 0.19 0.06 0.17 0.11 
12 0.27 0.12 0.09 0.31 0.18 0.07 0.2 0.14 
18 0.25 0.1 0.11 0.31 0.19 0.08 0.22 0.12 
24 0.33 0.13 0.12 0.32 0.18 0.08 0.2 0.08 
30 0.31 0.12 0.14 0.12 0.18 0.08 0.2 0.13 
36 0.31 0.14 0.1 0.1 0.18 0.09 0.22 0.15, 
42 0.2 0.1 0.1 0.12 0.18 0.12 0.22 0.13 
48 0.19 0.12 0.13 0.11 0.14 0.13 0.19 0.06 
54 0.21 0.15 0.13 0.14 0.17 0.13 0.18 0.1 
60 0.21 0.16 0.13 0.08 0.12 0.12 0.22 0.13 
66 0.2 0.18 0.13 0.12 0.11 0.11 0.18 0.13 
72 0.21 0.16 0.14 0.11 0.14 0.13 0.2 0.12 
78 0.2 0.1ý 0.15 0.09 0.16 0.12 0.21 0.25 
84 0.23 0.16 0.13 0.13 0.16 0.09 0.22 0.24. 
90 0.25 0.12 0.1 0.12 0.18 0.1 0.21 0.22 
96 0.21 0.16 0.19 0.12 0.19 0.12 0.21 0.22. 
102 0.25 0.16 0.17 0.1 0.19 0.17 0.21 0.27 
108 0.21 0.14 0.15 0.12 0.17 0.16 0.18 0.27 
114 0.21 0.12 0.14 0.13 0.15 0.13 0.24 0.26 
120 0.16 0.12 0.11 0.11 0.16 0.15 0.2 0.26 
Mean 0.24 0.13 0.13 0.16 0.17 0.11 0.21 0.17 
ISD 0.05 0.02 0.02 0.09 0.02 0.03 0.02 P. OL7J 
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Appendix 24 Inputs, measured values and predictions from ISO 7933 
Subj ct I Inputs Measu ed values (mins Predicted valu (mins) 
No. t' Va 
M/S 
rh 
(%) 
Icl 
CIO 
Icl 
CIO 
Activity 
. 
W/m 2 
tsk 
CC) 
I Sw 
(g/h) 
OLE 
Alarm 
OLE 
Danger 
tSk 
cc) 
Sw 
ýglh) 
OLE 
Alarm 
OLE 
Danger 
1 37.1 36.5 0.2 65.1 0.5 0' 142.0 36.4 427.0 
.1 
, 1 35.9 _ 746.7 54.0 64.0 
M 3 37.0 36.7 0.1 68.1 00.5 124.0 35.4 697.0 59.0 1 36.0 660.4 59.0 70.0 
a 5. 36.9 36.6, 0.1 
. 
70.7 0.5 141.0 36.5 631.5 54.0 83.0 36.0 739.3 43.0 1 52.0 1 71 37.5 37.3 0.2 70.9 0.5 135.0 _ 36.4 475.5 50.0 106.0 36.1 731.8 40.0 1 48.0 
e 91 37.3 37.0 0.2 72.1 0.5 127.0 36.6 791.0 69.0 98.0 36.1 682.6 44.0 53.0 
s 11 36.9 36.9 0.1 71.8 0.5 155.0 36.3 676.5 36.0 48.0 36.1 821.4 35.0 42.0 
13 37.6 37.2, 0.2 70.7 0.5 161.01 36.3 485.5 79.0 1 98.0 36.1 1 865.6 31.0 37.0 15 37.2 36.9 1 0.2 1 72.0 0.5 116.0 36.4 435.0 52.0 94.0 36.0 1626.3 52.0 62.0 
F 2. 37.1 36.5 0.2 65.1 0.6 120.0 36.9 340.5 64.0 1 35.9 1 632.0 88.0 1 105.0 
e 41 37.0 36.7 0.1 68.1 0.6 87.0 35.9 154.0 185.0 
M 61 36.9 36.6 0.1 70.7 0.6 1 127.0 36.1 330.5 106.0 36.0 667.8 54.0 65.0 
a 8 37.5 37.3 . 
0.2 70.9 0.6 122.0 37.0 291.0 70.0 95.0 36.1 667.4 49.0 58.0 
1 10 37.3 
. 
37.0 1 0.2 72.1 0.6 36.1 57.0 68.0 
e 12 36.9 36.9 1 0.1 71.8 0.6 91.0 36.7 357.0 106.0 36.0 491.6 94.0 113.0 
s 14 37.6 37.2 0.2 70.7 0.6 134.0 37.5 354.0 49.0 74.0 36.1 1 729.0 43.0 51.0 
16 137.2 36.9 0.2 72.0 0.6 97.0 36.5 297.0 1 1 36.0 529.0 76.0 91.0 
M 37.2 36.9 0.2 70.2 0.5 138.0 36.3 1 577.4 57.0 87.8 36.0 734.3 44.8 53.5 
F 37.2 36.9 0.2 70.2 0.6 111.0 36.8 328.3 79.0 84.5 36.0 619.5 76.9 92: 0 
AJI 37.2 36.9 0.2 
M 
70.2 0.6 125.0 36.5 470.6 66.2 87.0 36.0 685.1 60.8 72.8 
SD 0.3 0.3 .0 2.3 0.1 21.4 0.5 164.3 21.8 18.6 0.1 1 100.5 30.5 36.7 
1 SDm .3 0.3 .0 2.4 0.0 15.4 1 0.4 138.6 13.9 80.0 9.6 11.3 I SDFi 0.3 0.3 0.0 2.4 r' r' -4 11 0 
i 1 
90.9 1 36.3 1 43.8 1 
! indicates level not reached 
Appendix 25 Raw data for relative humidity (%) 
Time Session I Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 Session 8 
0 64 69 78 69 73 63 69 71 
6 70 64 64 56 74 76 70 77 
12 58 64 76 71 73 65 76 65. 
18 63 70 68 73 68 77 63 76 
24 69 63 76 65 75 66 76 64 
30 57 74 70 76 66 78 68 77 
36 62 63 69 65 77 71 74 67 
42 68 68 77 71 67 71 68 76 
48 58 74 65 71 77 76 75 71 
54 66 64 77 69 72 67 71 71 
60 67 67 70 78 74 79 72 74 
66 61 72 70 71 73 69 71 64 
72 73 60 75 75 69 74 68 76 
78 62 73 66 71 76 73 73 64 
84 66 66 75 74 64 66 67 77 
90 73 60 67 74 76 79 73 66 
96 59 73 72 69 64 70 74 78 
102 71 64 72 70 76 77 71 69 
108 67 80 65 77 67 77 1 71 73 
114 64 70 71 67 76 66 , 72 73 
120 69 72 62 76 77 68 63 8 
Mean 65.1 68.1 70.7 70.9 72.1 71.8 70.7 72.0 
SD 4.9 5.3 4.8 5.0 4.5 5.2 3.7 54 
Appendix 26 Raw data for globe temperature ('C ) 
T. ime Session 1 Session 2 Session 3 Session 4 Session 5 Session 6- Session 7 Session 8- 
0 35.8 37.0 36.6 37.4 37.0 36.4 37.2 37.0 
6 35.6 36.8 36.8 37.6 37.0 36.6 37.0 36.8 
12 35.4 36.8 36.6 37.6 37.0 37.0 37.0 36.8 
18 35.6 36.6 36.8 37.6 37.0 37.0 37.0 37.0 
24 35.8 36.6 36.6 37.8 37.0 37.4 37.0 36.8 
30 36.0 36.8 36.6 37.6 37.0 37.2 37.0 37.0 
36 36.2 36.6 36.6 37.6 37.0 37.4 37.0 36.8 
42 36.6 36.81 36.41 37.41 37.0 1 37.21 37.0 1 37.0 
48 365.6 36.81 36.61 37.4 1 36.8 1 37.0 1 37.2 1 36.8 
54 36.6 36.61 36.41 37.21 36.8 1 36.8 1 37.0 1 37.0 
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60 36.8 36.8 36.4 37.2 36.6 37.0 37-21 37.0 
66 36.8 36.8 36.4 37.2 37.0 37.0 37.21 37.6 
72 37.0 36.6 36. ý 37.0 36.8 - 37.0 37.2 36.8 
78 37.0 36.6 36.4 37.0 37.0 36.8 37.2 36.8 
84 36.8 36.6 36.2 : 37.0 37.0 _ 36.8 37.4 36.8j 
90 36.8 36.8 36.4 37.2 37.2 36.6 37.4 36.8ý 
96 36ýý 36.8 36.4 ; 37.0 37.2 36.8 37.4 3 7,0, ý 
102 37.0 36.8 36.6 37.2 37.2 36.8 37.2 368, 
108 37.0 36.8 36.8 37.0 37.2 36.6 37.4 37 0 
114 36.8 36.8 36.8 37.2 37.0 36.6 37.2 37 0 
120 3_7.0 1 36.8 1 36.8 1 37.2 37.2 36.6 37.4 370 
mean 36.5 1 36.7 1 36.61 31ý 37.0 9 37.2 , 3691 
SD 0.5 1 0.1 1 0.2 1 0.21 0.2 
ý_ý 
.3 .3 02 0 1] 
Appendix 27 Raw WBGT data 
Time (Mins) Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 Session 8 
0 31.11 34.18 33.31 33.59 33.82 33.39 33.62 32.91 
6 32.13 32.64 34.14 34.76 33.65 33.06 33.40 34.28 
12 31.79 33.54 33.37 33.19 34.15 34-18 34.09 32.87 
18 31.10 33.42 33.42 34.72 33.77 33.61 33.47 34.29 
24 32.25 32.35 33.73 33.48 33.62 33-98 3338 32.94 
30 32.02 33.66 32.66 34.53 34.07 34.07 33.79 34.24 
36 31.57 33.11 34.06 33.50 33.26 33-59 33.50 33.44 
42 32.88 32.52 32.51 34.23 34.26 34.26 33.78 33.73 
48 32.41 33.90 33.99 33.44 33.06 33-15 3334 33.83 
54 31.98 32.70 33.08 34.29 34.35 34ý53 34 09 33.26 
59 33.37 33.50 33.39 33.63 32.99 33-11 33,60 33 99 
60 33.22 33.00 32.77 33.15 33.39 33,46 33.02 34,14 
66 32.65 33.61 33.86 34.29 34.12 33,89 34.26 32,95 
72 33.09 32.48 32.39 32.98 33.66 34.10 32.91 34,26 
78 33.64 33.63 34.05 34.38 33.57 32.98 34.39 32,971 
84 32.54 33.32 32.88 33.03 34.17 34.29 33.08 34.21 
90 33.75 32.59 32.89 34.46 33.09 33.35 34.47 33.30 
96 33.30 34.09 33.70 33.03 34.49 33.69 33.08 34.10 
102 32.61 33.04 32.42 34.46 32.87 33.86 34.41 33.61 
108 33.90 1 32.85 1 34.12 1 33.45 34.59 33.02 33.23 33.48 
114 32.94 1 33.93 1 32.99 1 34.18, 33.22 34.14 34.34 34.10 
120 32.88 1 32.59 1 32.43 1 33.80 1 34.45 33.30 33.09 , 
34.41 
Appendix 28 Raw data for aural temperatures (mean of both ears), ('C ) 
Time S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Sll S12 S13 S14 S15 I S16_ 
0 37.0 36.8 36. T 36.9 36.8 36.8 35.1 36.8 36.9 36.4 37.5 36.7 36.8 36.8 37.3 36.4 
6 37.0 37.0 36.9 36.9 36.8 36.9 35.4 36.8 37.1 36.3 37.4 36.7 36.8 36.8 37.4 36.5 
12 37.0 37.1 36.9 37.0 37.1 37.1 36.1 37.0 37.2 36.4 37.5 36.8 37.0 37.0 37.5 36.7 
18 1 37.2 37.31 37.1 37.01 37.2 37.21 36.7 37.11 37.4 36.51 37.6 37.01 37.0 37.2 37.6 36.9 
24 37.1 37.4 37.3 37.2 37.3 37.21 37.2 37.21 37.3 36-61 37.7 37.01 37.2 37.4 37.6 37.0 
30 37.2 37.6 37.4 37.2 37.4 37.2 37.5 37.2 37.4 36,7 37.7 37.11 37.3 37.5 37.7 37.0 
36 37.2 37.6 37.5 37.4 37.5 37.4 37.5 37.4 37.5 36.8 37.8 37.21 37.5 37.6 37.7 37.2 
42 37.2 37.6 37.5 37.4 37.6 37.5 37.5 37.6 37.5 36.8 37.9 37.31 37.5 37.6, 37.7 37.2 
48 37.3 37.6 37.7 37.6 37.6 37.6 37.6 37.6 37.7 36.8 38.0 37.41 37.6 37.6 37.61 37.2 
54 37.3 37.7 37.7 37.4 37.8 37.6 1 37.8 37.6 1 37.7 37.01 38.0 37.41 37.5 37.7 37.8 37.2 
60 37.4 37.7 37.9 37.4 37.8 37.51 37.8 37.61 37.7 37.01 38.0 37.5 37.7 37.8 37.8 37.3 
66 37.4 37.6 37.8 1 37.5 37.6 37.61 37.8 37.61 37.7 37.01 38.2 37.6 37.7 1 37.8 37.9 37.3 
72 37.4 37.6 37.91 37.5 37.8 37.61 _ 37.9 37.8 37.7 37.01 38.2 37.6 37.7 37.8 37.9 37.3 
78 37.4 37.6 37.9 37.5 37.8 37.61 37.9 37.8 37.7 1 38.3 37.6 37.7 - 
38.0 37.9 1 37.4 
84 
96 
102 
108 
114 
120 
37.5 
37.5 
37.6 
37.6 
37.6 
37.71 
37.6 
37.6 
37.7 
37.7 
37.7 
37.7 
37.9 
37.9 
37.9 
37.91 
37.91 
37.91 
37.9 
38.0 
38.0 
38.0 
38.0 
38.0 
37.61 
37.71 
37.6 
37.7 
37.8 
37.8 
37.9 
37.9 
1 37.9 
38.0 
38.0 
38.0 
37.8 
38.0 
38.0 
38.0 
38.0 
3 
37.8 
37.9 
1 38.0 
38.0 
38.0 
38.4 
38.5 
38.4 
38.6 
38.5 
37. i 
37.7 
37.7 
1 37.9 
1 37.8 
37.9 
37.9 
37.9 
37.9 
38.0 
37.9 
1 3i. 1 
38.0 
38.0 
38.0 
38.0 
- 
38.1 
. 
38.2 
37.9 
38.0 
38.1 
38.1 
E 38.1 
1 38.2 
1 37.4 
37.51 
37.5 
37.6 
37.6 
1 37.6 
Appendix 29 Raw data for four point mean skin temperature ('C ) 
SI S2 IS7 IS S -IS3 IS4 IS5 IS 
1 33.4 31ZI 34.01 31" 0 
S31 
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6 1 35.0 1 34.8 35.2 1 34.8 36.1 35.2 35.6 35.4 36.0 34.4 37.0 35.7 1 35.3 35.3 36.5 34.9 
12 35.8 35.4 35.5 1 35.8 36.2 35.7 36.1 35.9 36.6 35.4 36.7 36.1 36.3 36.2 36.4 35.3 
18 35.7 35.7 36.0 1 35.8 36.6 36.4 36.6 36.6 36.5 35.1 37.0 36.1 36.2 36.6 36.7 35.9 
24 35.9 36.2 35.6 35.6 36.4 35.9 36.5 36.5 36.4 35.5 36.6 36.1 36.4 36.9 36.4 35.7 
30 36.3 36.2 35.7 36.1 36.7 36.5 36.9 36.8 36.3 35.2 37.0 36.2 36.2 36.8 36.6 36.0 
36 36.0 36.1 35.9 35.7 36.4, 36.1 36.6 36.7. 35.9 35.4 36.5 35.7 36.2 , 36.8 35.9 35.6 
42 36.2 36.6 35.5 35.7 35.6 1 36.5 36.6 36.8 36.2 35.81 36.9 36.4 1 35.9 1 36.8 36.5 1 36.0 
48 36.4 36.3 35.9 36.1 36.3 36.2 36.6 36.9 35.7 35.6 36.7 36.0 1 36.1 1 36.9 36.3 1 35.8 
54 36.1 36.4 35.6 35.7 35.7 36.1 36.7 36.9 36.4 35.7 36.5 36.5 1 36.2 1 36.9 36.1 1 35.8 
59 36.4 36.5 35.5 1 36.2 36.3 36.1 36.7 36.9 35.6 35.5 36.7 36.1 36.3 1 36.8 36.2 1 35.8 
60 36.3 36.6 35.41 36.0 36.2 36.3 36.4 36.8 ý5.8 35.4 36.9 36.3 36.01 36.8 36.2 36.0 
66 36.4 36.4 35.91 36.0 36.0 35.7 36.6 36.8 36.1 35.7 36.5 34.0 36.4 1 37.0 35.9 35.8 
72 36.3 36.6 35.51 35.6 35.8 36.3 36.2 36.6 36.0 33.2 36.9 36.7 35.91 36.8 36.4 36.1 
78 36.6 36.8 35.51 34.2 36.2 35.8 36.8 37.0 36.1 36.6 36.3 36.5 37.2 35.7 35.7 
84 36.5 36.5 35.81 35.6 36.0 36.2 36.7 36.0 36.3 36.6 36.0 37.0 36.4 36.2 
90 36.5 36.8 35.01 36.4 36.2 36.7 37.1 35.7 36.6 36.5 36.6 37.3 35.7 36.6 
96 36.7 36.6 35.61 36.1 35.7 36.2 36.7 36.1 35.3 36.4 36.1 37.1 
- 
36.3 
- - 
36.3 
- 102 36. j 36.7 35.8 36.2 36.4 36.7 37.3 35.4, 36.2 36.2] 36.8 
r 36.7 r37 4 
- 
r 3 61- t -3 5.91 
108 36.8 
- 
37.0 33.1 36.4 35.81 36.4 37.0 4 36 36.3 36.3 36 2 337 . 3 36 . 
5 
114 36.7 36.7 36.0 36.31 5.7 E =. 7 
t 
36.2 
4 tlj 
36.9 
! ý7 
3 36.7 37 5 
t 
. 
J 
37.5 
. 2 
ýý 
36 36.2 
M 
36.3 
120 36.4 36.8 'Ir, 7 -- - 36 6.7 !.. 1 30. U -50.0 31 -3 
ý. 
0.1 37.4 if. 4 . 
365 Jb. b 36.3 
Appendix 30 Raw data of subjects weights (Kg) 
S1 I IS2 S3 S4 S5 S6 IS7 I S8 S9 IS 10 IS 11 S 12? FS 13 S14 S15 IS16 
Semi Nude 82.75 177.261 83.14 55.501 77.14 70.94 72.77 60.58 80.69 60.38 72.42 71.471 69.73 58.57 68.62 60.07 
Before Exposure 
Weight of 0.38 0.22 0.38 0.22 0.37 0.24 0.34 0.23 0.37 0.20 0.33 0.22 0.32 0.21 0.35 0.20 
Clothing before 
1 
Exposure 
Semi Nude Ar 82.09 76.98 81.95 75.87 70.28 71.66 60.00 79.11 71.07 70.96 69.30 58.46 67.75 59.481 
Exposure I I I I I 
Weight of 0.46 0.26 0.67 0.72 0.31 0.49 0.29 0.84 0.64 0.28 0.47 0.28 0.55 0.28 
clothing after 
exposure 
Volume of drink 0.20 0.40 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.55 0.60 0.00 0.00 
Volume of urine 0.001 0.00 0.001 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Weight lost 0.651 0.28 1.191 1 1.26 0.66 0.95 0.58 1.58 1.351 0.51 0.42 0.11 0.87 0.59 
Total sweat loss 0.85 0.68 1.39 1.261 0.66 0.951 0.58 1.58 1.35 0.71 0.97 0.711 0.87 0.59 
Sweat trapped in 0.08 0.04 6-. 30- 0.5 0.07 0.47 0.31 0.06 0.15 0.07 0.21 0.08 
clothing 
Sweat 0.77 0.64 1.10 0.91 0.59 1.11 1.05 0.65 0.82 0.64 0.66 0.52 
evaporated - 
I 
lkt 
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Appendix 31 Raw data from solar radiation experiments 
Appendix 32 Heart rates during experiments 
SOLA R I She I I I 
Time lSub I ISub 2 Sub 3 Sub 4 Sub 5 Sub 6 Mean Time Sub 1 Sub 2 Sub 3 Sub 4 Sub 5 Sub 6 Mean 
Rest 1 75 1 86 72 62 72 87 76 rest 73 71 81 90 73 76 77 
0 1 92 1 91 95 106 95 103 97 0 79 88 87 93 82 86 86 
1 1 87 1 103 90 102 90 104 96 1 87 86 84 106 93 85 90 
2 1 79 1 95 88 
. 
101 88 
. 
100 92 2 82 87 93 103 84 89 90 
3 1 89 1 101 89 99 89 101 95 3 79 82 84 95 82 86 1 85 
4 91 99 93 100 93 100 96 4 79 92 91 100 92 92 1 91 
5 86 101 92 102 92 99 95 5 77 93 91 94 97 87 90 
6 85 100 91 91 91 107 94 6 79 86 87 96 83 F2 87 
7 84 102 106 97 106 104 100 7 84 89 89 97 86 85 as 
8 80 103 96 
. 
98 96 106 97 8 82 88 85 91 90 90 881 
9 1 87 105 95 97 95 104 97 9 75 96 92 100 88 87 90 
10 1 81 105 94 104 94 98 ig 10 78 90 84 100 88 18 88 
11 1 86 107 97 105 97 104 99 11 $1 89 96 103 91 85 91 
12 1 81 109 89 99 89 i03 95 12 87 95 90 104 90 93 93 
13 1 87 104 91 99 91 103 96 13 92 86 85 99 89 87 90 
14 1 91 106 94 
_ 
104 94 106 99 1 14 82 98 94 110 102 89 96 
15 86 106 95 107 95 
- 
104 99 15 95 93 92 1 103 108 93 971 
16 83 105 93 97 93 105 96 16 86 1 89 91 1 108 87 87 911 
17 86 1 108 99 102 99 105 100 17 81 98 92 108 90 86 931 
18 81 1 106 96 100 96 106 9i 18 83 88 93 105 90 87 911 
19 81 105 97 107 97 110 100 19 78 90 93 100 87 91 90 
20 1 80 104 89 99 89 105 94 20 80 97 89 106 89 85 91 
21 1 89 105 97 98 97 111 100 21 82 91 101 107 101 91 96 
22 1 79 103 97 100 97 101 96 22 86 91 87 111 91 86 92 
23 75 104 91 96 91 103 93 23 881 87 86 108 112 91 95 
24 82 102 94 98 94 106 96 24 79 1 89 90 104 89 94 91 
25 801 105 94 97 94 102 95 25 81 91 93 103 89 85 90 
26 861 108 98 98 98 102 98 26 74 90 87 104 89 84 88 
27 801 108 1011 96 101 97 97 27 77 96 90 105 87 88 91 
28 841 
_ 
104 901 98 90 103 95 28 78 92 97 105 102 87 94 
29 801 102 95 101 95 103 96 29 89 89 93 107 91 as 93 
30 981 110 98 98 98 106 101 30 85 89 90 105 89 89 91 
31 82 Ill 98 103 98 102 99 31 78 103 93 108 84 87 92 
32 86 109 100 162 100 105 106 32 80 95 91 122 95 84 95 
33 81 110 102 103 1021 102 1001 33 78 90 89 104 92 85 90 
34 80 112 98 100 98 99 981 34 83 91 89 1001 94 85 96 
35 78 111 901 97 90 101 95 35 80 89 85 99 93 81 88 
36 81 112 100 102 100 101 99 36 72 93 96 104 85 86 89 
37 831 118 96 100 96 100 99 37 821 92 96 102 891 86 91 
38 an 109 91 101 91 104 97 38 78 88 93 103 93 83 90 
39 811 108 94 99 94 104 97 39 88 95 88 102 91 83 91 
40 831 104 98 99 981 101 97 40 90 94 891 103 88 83 91 
41 771 105 100 98 100 1021 97 41 78 94 91 102 83 84 89 
42 831 1071 101 95 101 102 98 42 78 92 91 98 94 87 90 
43 87 107 113 104 113 101 104 43 78 91 89 IN 89 84 89 
44 79 110 98 95 98 106 98 44 751 89 87 102 981 85 891 
45 83 113 97 97 97 102 98 45 78 89 91 105 89 87 90 
46 75 110 93 96 93 107 96_ 46 84 92 93 100 83 90 90 
47 81 114 95 97 95 106 98 47 78 95 91 105 91 85 91 
48 831 110 96 101 96 108 99 48 76 93 89 103 95 83 90 
49 831 109 96 101 96 103 98 49 77 90 94 105 83 89 90 
50 78 106 92 100 92 106 96 50 83 89 91 102 98 86 92 
51 83 105 97 100 97 103 -98 51 79 89 92 107 Bel 95 921 
52 82 105 95 102 96 103 97 52 80 91 91 102 80 85 88 
53 79 110 95 99 95 100 96 53 91 98 91 104 88 85 93 
54 78 107 96 98 96 96 95 54 77 88 88 104 86 84 88 
55 77 
-- 
110 95 101 95 109 98 
- 
55 84 94 94 102 88 85 91 
5 6 T 82 110 90 99 90 104 96 56 78 89 85 105 86 87 88 57 94 98 94 101 95 
- 
571 83 92 91 102 88 851 
___ 
90_ 
58 80 106 92 97 92 iO2 95 581 84 89 88 105 103 87 93 
59 
L 
801 106 94 95 941 1041 
- 
W12, 591 79 -92 Lýý 102 87 8 89 
1 
60 791 1111 981 1 00- L-- 981 981 971 601 76 861 901 104ý 801 851 87 
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Appendix 33 Aural temperatures during experiments 
Shaded 
r Time S. 1 S. 2 S. 3 SA S. 5 S. 6 Mean 
.6 TN 36. 4 36.6 36.8 37. 0 36.4 36.8 36.7 
.8 0 36.8 36.8 36.8 37.2 36.4 37.0 36.8 8 1 36.8 36.8 36.8 37.0 36.4 37.0 36.8 
9 2 36.8 
. 
36.8 
. 
37.0 
, 37.0 , 36.4 , 37.0 36.8. 9 3 36.8 36.8 1 37.0 37.0 1 36.4 1 37.0 36.8 
9 4 36.8 36.8 1 36.8 37.0 1 36.4 1 37.0 36.8 
9 5 36.8 36.8 ' 37.0 37.0 1 36.4 1 37.0 36.8 
96 36.8 36.8 37.0 37.0 36.4 37.0 36.8 
97 36.8 36.8 37.0 37.0 36.4 37.0 36.8 
98 36.8 36.8 37.0 37.0 36.6 37.0 36.9 
99 36.8 36.8 37.0 37.2 36.6 37.2 36.9 
9 10 36.8 36.8 37.0 37.2 36.6 37.2 36.9 
0 11 36.8 37.0 37.0 
ý-- - 
37.2 36.6 37.2 37.0 
1 12 36.8 37.0 3 7. O 37.2 36.6 37.2 37.0 
1 13 36.8 37.0 37.0 37.2 36.6 37.2 37.0 
1 14 36.8 37.0 37.0 37.2 36.6 37.2 37.01 
1 15 36.8 37.0 37.0 37.2 36.6 37.2 37.0 
1 16 36.8 37.0 37.0 37.2 36.6 37.2 37.0 
1 17 36.8 37.0 37.0 1 37.2 36.6 37.2 37.0 
1 18 36.8 37.0 37.0 37.2 36.6 1 37.2 37.0 
1 19 36.8 37.0 37.2 37.2 36.8 37.4 37.1 
2 20 36.8 37.2 37.2 37.2 36.8 37.4 37.1 
2 21 36.8 37.2 37.2 37.2 36.8 37.4 37.11 
22 36.8 37.2 37.2 37.2 36.8 37.4 37.11 
23 36.8 37.2 37.2 37.2 36.8 37. '4 37.11 
24 36.8 37.2 37.2 37.2 36.8 1 37.4 37.11 
2 25 36.8 37.2 37.2 37.4 36.8 37.4 37.11 
2 26 36.8 37.2 37.2 37.4 36.8 37.4 37.11 
2 27 36.8 37.2 37.2 37.4 36.8 37.4 37.1 
2 28 36.8 37.2 37.2 37.4 36.8 37.4 37.1 
2 29 36.8 37.2 37.2 37.4 36.8 37.4 37.1 
2 30 36.8 37.2 37.21 37.4 36.81 37.4 37.1 
2 31 36.81 37.2 37.21 37.4 36.81 37.4 37.1 
2 32 36.8 37.2 37.2 37.4 36.8 37.4 37.11 
2 33 36.8 37.2 37.2 37.4 36.8 37.4 37.1 
34 36.8 37.2 37.2 37.4 36.8 37.4 37.1 
5 35 36.8 37.4 37.2 37.4 37.0 37.4 37.2 
36 36.8 37.2 37.2 37.4 37.0 37.4 37.2 
37 36.8 37.41 37.2 37.4 36.8 37.4 37.2 
38 36.8 37.4 37.21 37.4 36.81 37.4 37.21 
39 36.8 37.4 37.2 37.4 36.8 37.4 37.2 
40 36.8 37.2 37.2 37.2 37.0 37.4 37.1 
41 36.8 37.4 37.4 37.4 36.8 37.4 37.2 
42 36.8 37.4 37.2 37.4 37.0 37.4 37. ý 
43 36.81 37.2 37.2 37.2 37.0 37.2 37.1 
44 37.0 37.2 37.2 37.2 37.0 37.4 37.2 
45 36.8 37.2 37.21 37.2 37.01 37.4 37.11 
46 36.8 37.2 37.2 37.2 37.0 37.4 37.11 
47 36.8 37.4 37.2 37.2 37.0 37.4 37.21 
48 36.8 37.4 37.2 37.4 37.0 37.6 37.21 
1 49 36.8 37.2 37.2 37.2 36.8 37.4 37.11 
50 36.8 37.2 37.2 37.4 37.0 37.4 37.2 
51 36.8 37.2 37.2 37.4 37.0 37.6 37.2 
52 36.8 37.2 37.21 37.4 37.01 37.4 37.2 
53 36.8 37.2 37.2 37.4 36.81 37.4 37.1 
54 36.8 37.2 37.2 37.4 37.0 37.4 37.2 
55 36.8 37.2 37.2 37.4 36.8 37.4 37.1 
56 36.8 37.2 37.4 37.4 36.8 37.4 37.21 
57 36.8' 37.2 37.2 37.4 36.8 37.4 37.1 
58 36.8 37.2 37.2 37.4 36.8 37.4 37.1 
69 36.8 37.2 37.21 37.4 36.8 37.4 37.1 
60 36.8 37.2 37.21 37.41 36-81 37.4 
i 
. 
. 
37.1 
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Appendix 33 Aural temperatures during experiments 
SOLAR 
Time S. 1 S. 2 S. 3 S. 4 S. 5 S. 6 Solar 
TN 36.6 36.4 36.6 37.0 36.8 36.4 36.6 
0 37.0 36.6 37.0 37.0 36.8 36.4 36.8 
11 37.0 36.61 37.0 37.2 36.81 36.4 36.81 
21 37.0 36.61 37.2 37.2 36.8 36.4 36.91 
31 37.0 36.61 37.2 37.2 36.8 36.4 36.9 
41 37.0 36.6 37,2 37.0 37.0 36.4 36.9 
5 37.0 36.8 37.21 37.0 36.8 36.6 36.9 
6 37.0 36.8 37.2 37.0 37.01 36.6 36.9 
7 37.0 36.8 37.2 37.0 37.0 1 36.6 36.91 
8 37.0 36.8 37.2 37.0 37.0 36.6 36.9 
9 37.0 36.8 1 37.2 37.0 37.0 36.6 36.9 
10 37.0 36.81 37.2 37.0 37.0 36.6 36.9 
11 37.0 36.81 37.4 37.2 37.0 36.6 37.0 
12 37.0 37.01 37.4 37.2 37.01 36.8 37.11 
13, 37.0 37.01 37.4 37.2 37.01 36.8 37.1 
141 37.0 37.0 1 37.4 37.2 37.0 36.8 37.1 
15 37.0 37.01 37.4 37.2 37.0 36.8 37.1 
16 37.0 37.0 1 37.4 37.2 37.2 36.8 37.1, 
17 37.0 37.0 1 37.4 37.2 37.2 36.8 37.1 
18 37.0 37.0 1 37.4 37.2 37.21 36.8 37.1 
19 , 37.0 37.0 1 37.4 37.2 37.2 36.8 37.1 
20 37.0 37.2 37.6 37.2 37.2 37.01 37.2 
21 37.0 37.2 37.6 37.2 37.2 37.0 37.2 
22 37.0 37.2 37.6 37.2 37.2 36.8 37.2 
23 37.0 37.2 37.6 37.2 37.2 37.0 37.2 
24 , 37.0 37.2 1 37.6 37.2 37.2 36.8 37.2 
25 37.0 37.2 37.6 37.2 37.2 37.0 37.2 
26 37.0 37.2 37.6 37.2 37.2 37.0 37.2 
27 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
28 37.0 37.2 37.6 37.2 37.41 37.0 37-21 
29 1 37.0 37.2 1 37.6 37.2 37.4 37.0 37.2 
30 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
31 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
32 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
33 37.0 37.2 37.6 37.2 37.41 37.0 37.2. 
34 1 37.0 37.2 1 37.6 37.2 37.4 37.0 37.2 
35 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
36 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
37 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
38 37.0 37.2 37.6 37.2 37.41 37.0 37.21 
39 , 37.0 37.2 1 37.6 37.2 37.4 37.0 37.2 
40 37.0 37.2 37.8 37.2 37.4 37.0 37.3 
41 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
42 37.0 37.2 37.6 37.2 37.4 37.0 37.2. 
43 37.0 37.2 37.6 37.2 37.4 1 37.0 37.21 
441 37.0 37-21 37.6 37.2 37.4 37.0 37.2 
451 37.0 37.21 37.8 37.2 37.4 37.0 37.3 
46 1 37.0 37.21 37.6 37.2 37.4 37.0 37.2 
471 37.0 37.21 37.6 37.2 37.4, 37.0 37-2. 
481 37.0 37.21 37.6 37.2 37.4 37.0 37.2 
491 37.0 37.2 37.8 37.2. 37.4 37.0 37.3 
50 37.0 37.2 37.6 37.2 37.4 37.0 37.2 
51 37.0 37.2 37.6 37.2 2 37.4 37.0 37.2 
52 37.0 37.2 37.6 37.2 2 37.41 37.0 37.21 
53 37.0 37.21 37.6 37.2 2 37.4 36.8 37.2 
541 37.0 37.21 37.6 37.2 2 37.4 36.8 37.2 
55 37.0 37.2 37.6 37.2 2 37.4 36.8 37.2 
56 37.0 37.2 __ 37.6 
__37.2 
2 37.4 36.8 37.2 
57 37.0 37.2 37.6 37.2 2 37.41 36.8 37.21 
58 .0 
T7 7.2 3 37.6 37.2 2 37.4 36. 37.2 
59 37 of 37.2 37.6 37.2 37.4 36.8 1 37.21 
F-601 37-. 01 37.21 37.6 37.2 37.4 36.8 37.2 
Shaded 
Time S. 1 
- 
S. 2 S. 3 S. 4 S. 5 S. 6 Mean 
TN 36.4 36.6 36.8 37.0 36.4 36.8 36 
0 36.8 36.8 36.8 37.2 36.4 37.0 36 
1 36.8 36-8 1 36.8 37.0 1 36.4 37.0 36 
2 36.8 36.8 1 37.0 37.0 1 36.4 37.0 36 
3 36.8 36.8 37.0 37.01 36.4 37.0 36 
4 36.8 36.8 36.8 37.0 1 36.4 37.0 36 
5 1 36.8 36.8 37.0 37.0 36.4 37.0 1 36 
6 36.8 36.8 37.0 37.0 36.4 37.0 36 
7 36.8 36.8 1 37.0 37.0 36.4 37.0 36 
8 36.8 36.8 37.0 37.0 36.6 37.0 36 
9 36.8 36.8 37.0 37.2 36.6 37.2 36 
10 36.8 36.8 37.0 37.2 36.6 37.21 36, 
11 36.8 37.0 37.0 37.2 36.6 37.2 37 
12 36.8 37.01 37.0 37.2 36.6 37.2 37 
131 36.8 37.0 37.0 37.2 36.6 37.2 37. 
14 36.8 37.0 37.0 37.2 36.6 37.2 37 
15 36.8 37.0 37.0 37.2 36.6 37.2 37, 
16 36.8 37.0, 37.0 37.2 36.6 37 21 37 
17, 3&8 37.01 37.0 37.2 36.6 37,2ý 37 
18 36.8 37.0 37.0 37.2 36.6 37 21 37, 
19 36.8 37.0 37.2 37.2 36.8 37.41 37 
20 36.8 37.2 37.2 37.2 36.8 37.4 37. 
21 36.8 37.2 37.2 37.2 36.8 37.4 37. 
22 36.8 37.2, 37.2 37.2 36.8 37.4 37. 
23 36.8 37.2 37.2 37.2 36.8 37.4 37. 
24 36.8 37.2 37.2 37.2 36.8 37.41 37. 
251 36.8 37.2 37.2 37.4 36.8 37.4 37. 
26 36.8 37.2 37.2 37.4 36.8 37.4 37. 
27 36.8 37.2, 37.2 37.4 36.8 37.4 37. 
28 36.8 37.2 37.2 37.4 36.8 37.4 37. 
29 36.8 37.2 37.2 37.4 36.8 37.4 37, 
30 36.8 37.2 37.2 37.4 36.8 37.4 37. 
31 36.8 37.2 37.2 37.4 36.8 37.4 37. 
32 36.8 37.2, 37.2 37.4 36.8 37.4 37. 
33 36.8 37.2 37.2 37.4 36.8 37.4 37. 
34 36.8 37.2 37.2 37.4 36.8 37.4 37. 
35 36.8 37.4 37.2 37.4 37.0 37.4 37. 
36 36.8 37.2 37.2 37.4 37.0 37.4 37 
37 36.8 37.41 37.2 37.4 36.8 37.4 37. 
38 36.8 37.4 37.2 37.4 36.8 37.4 3T 
39 36.8 37.4 37.2 37.4 36.8 37.4 37, 
40 36.8 37.2 37.2 37.2 37.0 37.4 3T 
41 36.8 37.4 37.4 37.41 36.8 37.4 1 37 
42 36.8 37.41 37.2 37.4 37.0 37.41 37 
43 36.8 37.21 37.2 37.2 37.0 37.2 1 37 
44 37.0 37.21 37.2 37.2 37.0 37.4 37 
45 36.8 37.2 37.2 37.2 37.0 37.4 37 
46 36.8 37.2 37.2 37.2 1 37.0 37.4 37 
47 36.8 37.4 37.2 37.21 37.0 37.4 37 
48 36.8 37.4 37.2 37.4 1 37.0 37.6 1 37 
49 36.8 37.2 1 37.2 37.2 1 36.8 37.4 37 
50 , 36.8 37.2 
1 37.2 37.4 37.0 37.4 37 
51 36.8 37.2 1 37.2 37.4 37.0 37.6 37 
52 36.8 37.2 1 37.2 37.4 37.0 37.4 37 
53 36.8 37.2 1 37.2 37.4 36.8 37.4 1 37 
54 36.8 37.2 37.2 37.4 1 37.0 37.4 1 37 
55 36.8 37.2 37.2 37.4 1 36.8 37.4 37 
56 36.8 37.2 37.4 37.4 1 36.8 37.4 37 
57 36.8 37.2 37.2 37.4 1 36.8 37.4 37 
58 36.8 37.2 1 37.2 37.4 36.8 37.4 37 
59 1 36.8 37.2 37.2 37.4 36.8 1 37.4 1 37 
60 1 36.8 37.2 1 37.2 1 37.4 36.8 1 374 11 37 
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Appendix 34 Four Point Mean Skin Temperature 
SOLAR 
- Tme S. 1 S. 3 S. 4 S. 5 S. 6 S. 7 M ean - 
TN 31.5 33.2 32.7 33.0 32.7 32.6 32.6 
0 32.5 33.6 33.9 33.5 33.2 32.4 33.2 
1 1 32.8 33.8 1 34.0 33.6 1 33.3 32.5 1 33.3 
2 32.7 33.9 1 34.0 33.7 33.3 32.6 r-33.3 
3 32.7 33.8 1 33.9 33.6 1 33.3 32.5 1 33.3 
4 30 33.9 1 34.1 33.6 1 33.2 32.5 1 33.3 
5 , 32.7 33.9 1 34.2 33.6 1 33.1 32.6 F- 33.3 6 32.7 34.0 1 34.2 33.4 1 33.1 32.7 1 33.4 
7 32.8 34.2 134.3 33.3 1 33.2 32.7 1 33.4 
8 32.9 34.4 1 34.4 33.5 1 33.3 32.9 1 33.6 
9 T3.1 34.3 1 34.6 33.6 1 33.4 32.9 33.6 
10 33: 2 34.3 1 34.5 33.6 [- 33.5 32.9 33.7 
11 33.1 34.3 1 34.4 33.7 1-33.4 32.7 -33.6 
12 33.2 34.5 1 34.6 33.5 3 3.1 32.7 33.6 
13 
. 
33.3 34.6 1 34.7 33.7 _ 33.2 32.7 1 33.7 14 33.4 35.0 1 35.1 33.7 33.2 32.9 1 33.9 
15 33.4 35.1 1 35.2 34.0 33.5 32.9 1 34.0 
16 33.7 35.3 1 35.4 34.0 1 33.5 33.1 1 34.2 17 
. 
33.7 35.1 1 35.2 34.2 1 33.8 33.0 1 34.2 
18 33.5 35.0 1 34.9 34.2 ý33.6 32.8 1 34.0 
19 33.5 35.0 1 35.0 34.0 1 33.3 32.9 1 34.0 
20 33.4 35.1 1 34.9 34.0 1 33.4 32.8 1 33.9 
21 33.1 34.8 1 34.8 34.0 33.4 32.6 33.8 
22 33.0 
- 
34.7 1 34.5 34.0 33.2 32.4 33.6 
23 ý2 .9 34.7 
1 34.5 33.8 3T9 32.3 33.5 
24 32.8 34.5 34.5 33.6 32.9 32.3 33.4 
25 , 32.9 34.5 34.5 33.4 1 32.8 32.41 33.4 
26 32.8 34.6 34.6 33.3 ol) 0 1 32.9 32.5 33.5 
27 32.8 34.5 34,5 33.5 1 33.0 32.6 33.5 
28 32.8 34.5 1 34.3 33.4 1 33.0 32.4 33.4 
29 32.7 34.3 34.4 33.4 32.7 32.4 33.3 
30 32.7 34.3 34.3 33.4 32.5 32.21 33.3 
31 32.7 34.5 34.4 33.3 52.1 32.2 33.2 
32 32.8 34.3 34A 33.4 32.2 32.1 33.2 
33 32.8 34.31 34.4 33.31 32.0 32.1 33.1 
34 33.0 34.4 34.5 33.3 31.9 32.2 33.2 
35 33.0 34.5 34.5 33.4 32.1 
- 
32.41 11 11 33.3 
36 32.8 34.4 34.3 33.4 Y2 .5 32.2 33.3 371 32.8 34.3 34.1 33.4, 32.5 32.1 33.2 
38 32.7 34.31 34.3 33.31 32.2 32.0 
- 
33.1 
39 32.5 34.2 34.1 33.31 32.3 31.8 33.0 
40 32.5 34.3 34.1 33.31 32.1 31.71 33.0 
41 32.5 34.3 34.1 33.31 32.0 31.61 33.0 
42 32.5 34.2 33.9 33.31 32.0 31.6 32.9 
43 32.6 34.31 34.0 33.21 31.8 31.6 32.9 
44 32.4 34.1 33.9 33.2 32.1 31.5 32.9 
451 32.4 34.0 33.9 33.1 32.0 31.3 32.8 
46 32.5 34.1 34.0 33.0 31.8 31.31 32.8 
47 32.4 34.2 34.1 33.0 32.0 31.41 32.9 
48 32.3 33.91 33.8 33.11 32.1 31.2 32.7 
49 32.2 34.2 34.0 33.01 31.8 31.2 32.7 
501 32.4 34.4 34.2 33.11 31.8 31.3 32.9 
51 32.4 34.4 . 34.0 33.1 31.8 31.0 32.8 
52 32.6 34.6 34.1 33.2 32.0 31.11 32.9 
53 32.6 34.51 34.0 33.2 32.1 31.01 32.9 
54 32.8 34.71 34.2 33.2 32.1 31.11 33.0 
55 32.8 34.71 34.1 33.31 32.4 31.01 33.0 
56 32.8 34.61 34.1 33.4 32.4 31.0 33.1 
57 32.6 34.6 33.9 33.4 32.4 30.9 33.0 
58 32.7 34.5 33.9 33.2 32.3 30.9 32.9 
591 32.8 34.6 34.1 33.2 32.2 1 30.9 33.0 
601 32.8 34.6 34.21 33.21 32.3 30.91 33.0 
Shaded I 
Time 
- 
S. 1 
- 
S. 
-- - - 
5 S. 6 S. 7 Mean 
TN ý 27 
- 
T2 T T3_0 33.2 33.3 32.6 32 8' 
0 T2 9 32.3 32.7 32.7 32.4 -32.1 32.5 
1 32.8 , 32.3 _32.6 
32.7 ( 32.5 32.3 32.5 
2 32.7 1 32.3 32.5 32.6 32.4 32.2 32.5 
3 32.7 1 32.3 32.5 3-2.6 32.4 32.1 32.5 
4 32.7 1 32.3 
- 
32.7 
- 
32.6 32.4 32.1 32.51 
5 32.6 1 ý2 3 ý-27 1- 32.6 32.4 1 32.1 32.4 
6 32.5 32.3 32.8 32.6 1 32.5 32.2 32 5 
7 32.6 32.3 32.8 32 5 ! 32,5 32.2 32 5 
8 32.7 32.3 32.8 32 5 1 32,5 32.1 32 5 
9 32.8 32.2 32.9 32,5 1 32.4 32.1 32.5 
10 32.7 1 32.2 32.9 32.5 1 32.4 32.1 32 5 
11 32.7 1 32.2 32.8 32.5 32.4 32.0 32.4 
12 32.5 1 32.1 32.8 32.4 32.4 32.0 32.4 
13 32.5 1 32.2 32.8 32.4 32.5 1 31.9 32.4 
14 32.6 1 32.2 32.8 32.4 32.5 31.9 32.4 
15 32.7 32.2 32.8 32.5 32.5 32.0 32.5 
16 32.8 32.3 33.0 1 32.6 32.8 32.1 32.6 
17 32.9 32.5 33.2 32.8 32.9 , 32.1 32.7 18 32.9 32.5 33.2 32.8 32.9 1 32.2 1 32.7 
19 32.8 32.6 33.1 32.7 32.9 32.2 32. 
20 32.9 32.5 33.1 32.7 33.0 32.2 32.7 
21 32.7 32.4 33.1 32.7 32.9 32.2 32.7 
22 32.6 32.4 33.01 32.7 32.8 32.0 32.6 
23 32.6 32.4 33.1 32.7 32.8 1 32.0 32.6. 
24 32.7 1 32.3 33.0 32.7 32.7 1 31.9 32.61 
25 32.6 32.3 33.0 32.7 32.71 31.9 32. 
26 32.5 32.2 32.9 32.7 32.61 31.9 32.5 
27 32.7 32.2 32.9 32.7 32.7 31.8 32.5 
28 32.7, 32.2 32.8 32.7 32.7 31.9 32.5 
29 32.61 32.3 32.9 32.7 32.7 32.0 32.5 
30 32.61 32.31 33.0 32.7 32.9 32.0 32.6 
31 32.71 32.3 33.01 32.7 33.01 32.0 32.6 
32 32.7 32.3 33.0 32.8 32.9 32.1 32.6 
33 32.5 32.3 33.0 32.7 32.9 32.1 32.6 
34 32.5 32.3 32.9 32.7 32.9 32.0 32.6 
35 32.5 32.3 33.1 32.6 32.8 32.0 32.5 
36 32.6 32.3 32.9 32.5 32.8 31.9 32.5 
37 32.5 32.3 32.7 32.4 32.8 31.9 32.4. 
3 32.4 32.3 32.8 32.4 32.8 31.9 32.41 
39 32.6 32.3 32.8 32.5 32.8 31.8 32.5 
40 32.61 32.2 32.91 32.5 32.71 31.9 32.5 
41 32.71 32.2 32.81 32.6 32.71 32 .0 32.5 42 32.8 32.2 32.9 32.6 32.7 31.8 32.5 
43 32.6 32.3 32.9 32.6 32.7 31.8 32.51 
44 32.8 32.2 32.9 32.6 32.8 31.9 32.5 
45 32.7 32.2 32.9 32.6 32.7 31.8 32.5 
46 32.71 32.2 32.71 32.5 32.6 31.8 32.4 
47 32.7 32.2 32.51 32.4 32.51 31.6 32.3 
48 32.8 32.2 32.6 32.5 32.5 31.5, 32.4 
49 32.8 32.0 32.6 32.5 32.5 31.7 32.4 
50 33.0 31.9 32.7 32.5 32.4 31.7 32.4 
51 32.81 32.0 32.8 32.6 32.7 31.7 32.4 
52 32.7 32.1 32.8 32.6 32.7 31.8 32.5 
53 32.7 32.1 32.7 32.5 32.6 31.7 32.4 
54 32.6 32.1 32.6 32.5 32.7 31.8 32.4 
55 32.4 32.1 32.5 32.5 32.7 31.7 32.3 
56J 32.3 32.0 32.6 32.4 32.5 31.6 32.2 
57 32.2 32.0 32.5 32.3 32.4 31.6 32.1 
58 32.3 32.0 32.5 32.2 32.3 31.6 32.1 
59 32.3 32.01 32.5 32.21 32.4 31.5 32.2 
60 32.41 32.01 32.71 32.11 32.51 31.6 32.2 
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Appendix 35 Results from predictive models and indices 
- - Subject Actual sweat dif Breckenridge ISO 793 3 Shapiro TRI ITS 7933 corr 1 62.50 93.30 16.72 94.43 64-25 96.68 80.97 
2 91.09 90,79 12.60 94.43 64.25 96.68 76-85 
31 68.08 89.20 13.76 94.43 64-25 96.68 78-02 
4 81.15 88.45 15.48 94.43 64.25 . 96.68 79.73 
5 65.19 90.21 17.60 __ _ 94.43 64.25 - 96.68 81.85 
6 1 122.82 96.11 20.64 94.43 64.25 96.68 84.89 
Mean 81.81 91.34 16.13 94.43 64.25 96-68 80.38 
SD 22.83 2.87 2.88 0.00 
- 
0.001 0.001 2.88 
Appendix 36 Ambient condiitons 
solar chamber 
Time 
(mins) 
t. 
(OC 
rh va 
(m/s) 
Tg 
(oc D- 
I tot Id 
(w/M2) 
- 
ta 
(oc ) 
rh 
N 
va 
(m/s) 
Tg 
0.00 21.60 45.00 0.94 27.80 361 - 346 21.50 48.00 0.84 22.05 
10.00 21.30 45.00 1.67, 28.15 441 358 20.90 51.00 0.68 21.85 
20.00 22.50 42.00 1.341 29.05 347 360 22.20 49.00 0.84 21.95 
30.00 21.40 47.00 1.021 27.05 294 317 21.40 48.00 0.60 21.70 
40.00 20.80 48.00 0.781 26.40 249 265 20.90 51.00 0.85 21.65 
50.00 21.00 48.00 1.421 25.65 290 289 21.70 49.00 9 0'8 L 21.70 60.00 21.00 44.00 27.10 63 355 
. 1 
20.60 52. OO . . TO. 92 .. 21.60 
Appendix 37 Sweat loss 
Solar Conditions 
Sub 1 Sub 2 Sub 3 Sub 4 Sub 5 Sub 6 
Before 77.23 72.87 71.47 60.56 71.16 80.03 
After 76.72 72.41 71.04 60.12 70.74 79.44 
, Difference (Kg) 10.1 0.46 0.4.3 1 0.44 1 0.42 0.59 I Difference (W/m2) 1195.58 178.46 163.85 1 170.19 1 161.35 
f226.86 
Shade Conditions 
B ef orim 79.44 72.56 72.33 60.23 70.73 81.46 
After 79.09 72.34 72.08 60.00 70.48 81.19 
Difference (Kg) 0.35 0.23 0.25 0.23 0.25 0.27 
, Difference (W/m2) 1 133.08 87.37 195.77 89.04 96.15 1104.04 
Between Conditions 
Difference (Kg) 1 0.16 0.24 10.18 10.21 10.17 10.32 
Difference (W/M2) -] 62.50 91.09 168.08 181.15 165.19 1122.82 
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ndix 38Calculations made for solar radiation 
Sun 
Diffuse 
scattered 
back to 
space 
Earth Atmosphere 
I- T- ----. 0", 
Absorbed -4 ------t -Pm- Absorbed 
4Z Cýl 
'0 0 
Diffuse 
scattered 
l4qj'e 
4Cý to ground Albedo 
Figure AI Distribution of direct, diffuse and albedo radiation (adapted from lqbal, 1983) 
Calculation of direct radiation from alobal radiation and diffuse radiation 
'n 
I-ld 
COSOZ 
Where I, = direct normal irradiance (W/M2), 
Id= diffuse irradiance on a horizontal surface (W/M2), 
I=global irradiance (w/m 2) () z= Zenith angle (degrees). 
Zenith angle (0, ), 0= latitude (degrees), J= declination of the sun (degrees) 
Zenith anpale 
q, =cos-'(sin9sinO+cos9cosOcOSw) 
Where w= is the hour angle, 150 per hour, morning negative, afternoon positive. 
Declination of the sun (80) 
284+n 
6=23.45si 360.365 
where n=day of the year 
Solar altitude (a) 
=90- 0, 
Solar Time 
Solar time= standard time +4(L,,, -L,,,, )+E 
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Where L,,, is the standard meridian for the local time zone, Ll,,, is the longitude (degrees west) and is the 
equation of time (minutes) 
E= 229.2(0.00000.001868 Cos B- 0.032077 sin B- 0.014615 cos 2B- 0.04089 sin 2B) 
where B= day angle 
B= 2; r 
n-I 
365 
and n= day of the year 
Correction factor for pyranometer shadow band 
x= 2b COS 3 /T Y/S 
) 
sinosinJ+ cosocosc5sinyt, 
ar 
61(180 
1 
Where b= width of shadow band (cm), r= radius of shadow band (cm), y/, = azimuth angle of the sun at 
sunrise (degrees) 
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Appendix 39 RIDE Evaluation of a pictorial "wedge" scale for 
estimating rating of perceived exertion. 
Method 
The scale was developed as a wedge rather than a linear scale, providing a better '"sual Indication of increment. The use of pictograms to anchor the scale was explored and is discussed in the appendix, however these were either misunderstood or confused. The scale presented is shown inFigure A 2. 
Very very Fairly Hard Very very hard light light 
Figure A2 Presentation of RPE as a "wedge" scale. The scale was verbally anchored, with the 
subject pointing at the perceived rate of exertion on the scale 
Procedure 
Twelve subjects, male farmers in the Kumasi region of Ghana participated in the trail, cutting grass using a 
langa langa for 30 minutes. Heart rate was continuously recorded at five second intervals using Polar 
Sports testers. The subjects were presented with the scale every five minutes, being asked in their native 
language to point on the scale "how hard are you working NOWT' 
Results and discussion 
Appendix 40 presents the relations between heart rate and perceived exertion as measured on the new 
scale. It can be seen that there is little correlation between heart rate and perceived exertion at each time 
interval and overall, however in comparing the means, there is a fairly strong correlation between them 
(r--0.58). The strongest correlation was observed after fifteen minutes activity, with subjects 
underestimating exertion at the beginning of the activity and overestimating towards the end of the activity. 
Appendix 40 Heart rate and rating of perceived exertion over 30 minutes (Mean ± SD) 
Time Heart rate RPE x 10 
0 86.92 13.06 92.50 29.58 
5 149.75 ± 
10 144.17 ± 
15 141.25 ± 
20 137.08 ± 
25 132.00 ± 
18.84 
25.04 
23.18 
25.88 
120.83 
140.00 
147.50 
159.17 
29.59 168.33 
r 
0.08 
21.09 -0-01 
27.96 0.13 
21.79 0.22 
24.29 0.07 
19.92 0.05 
: 176.67 17.23 0.00 30 136.33 25.91 
Mean 140.10 24.75 152.08 28.48 0.58 
Whilst the correlation is not as strong as may have been expected, it is suggested that this may be due to a 
lack of training in the use of the modified RPE scale. Indeed it has been found that learning trials reduce 
most errors in rating when using the original RPE scale and it may therefore be hypothestsed that With 
repeated exposure to the modified scale it may prove to be a reliable and valid tool for appraising 
workload. Unfortunately, due to lack of time and resources it was not possible to repeat the study to test 
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this hypothesis. In the light of this, during the field work in Ghana, where a rating of perceived exertion 
was required, the scale proposed by Varghese et al., (1994) that has been validated for use in the field with 
illiterate populations was used. 
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Appendix 41 Musculoskeletal Questionnaire 
Farmer 
Dry mwm Yew 
Todoys Date MMED Shoulder 
MWO Fwnmw 
Sex 1: 1 R UpperArm 
Yms Elbow 
Age LLJ 
Processing activity Lower Arm 
I 
Wrist 
Hardest tasks Hand 
Hip 
Days missed from illnessrinjury & impact/cost 
UpperLeg 
Knee 
Lower Leg 
Frequency Scs)e Severity scale Duration Scale 
-How often do ytm 
experience pain or 
d1scomfolt in a part ofywr 
body 
-How much do** this pain a 
discomfort effect your ability 
to work on the form and at 
home 
. 1a hm long hoe thit pain or 
discomfort bow occurring 
_= 
. NEVER -- NO DISC04W FORT NOT AT ALL 
I- NOT VERY OFTEN I- MINIMAL I -NOT LONG 
2- SOMETIMES 2- SLIGHT 2 -MODERATELY LONG 
3 Q! ýITE OFTEN 3- MODERATE 3A LONG TIMAE 
1 
: 
Y 
; 
LWA S1 4 SEVERE 1 4 
: 
AVERýL 
1 
: 
6 INTOLERARLE 
Ankle 
Foot 
Right Side Left Side 
Sh ouldw 
Neck 
UppefArm 
E lbow Chest 
- - FT T ý Lower Arm 
Wrist 
Hand 
Hip 
Upper Leg 
Knee 
Lower Leg 
Ankle 
Abdomen 
Foot 
UpperBack Buttocks Lower Back 
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Appendix 42 Pictograms for use in RPE and comfort scales 
Pictograms for use in RPE and comfort scales 
Introduction 
In developing a usable scale for use with illiterate populations, the use of pictograms was considered. Four 
pictograms to anchor the RPE and postural comfort scales were developed or adapted from clip art 
illustrations in Microsoft Word. For the RPE anchor of no physical exertion, (left hand side of wedge 
scale) a cartoon of a person sitting down was used, whilst for the anchor of maximal exertion (right hand 
side) a cartoon of a person running was used. For the comfort scale, a 'sn-ffly face' representing 'no 
discomfort' was used, whilst for maximum discomfort a similar type face was used, with crossed eyes and 
a distorted mouth. 
The pictograms were presented to farmers in the BA and Ashanti regions of Ghana. Two methods of 
presentation were used, firstly presenting them to groups of farmers for discussion and comment (37 and 
28 members respectively) and subsequently to individual farmers (n=6). For each pictograrn they were 
asked what it represented and what it meant to them. 
No physical exertion 
Figure A3 was identified by both groups to be a man sitting down. It was associated with being at rest, 
however one farmer from the Seidi group thought that to be truly at rest the figure should be shown to be 
sitting and eating. 
All the individual farmers recognised the figure to represent a person sitting at rest, however two of the 
farmers considered the person to be lame or unable to work. They commented that the thin arms 
suggested sickness. 
Figure A3 Sitting man- "At rest" 
Maximal physical exertion 
Figure A4 was identified by both groups to be a running man. It was associated with labouring and hard 
work. However when questioned whether it was the hardest activity they might do they disagreed, saYing 
that other activities are harder, such as felling tress, weeding, ridging and digging. 
From the group of six farmers who were individually presented the figure, only three recognised Figure A 
4 to represent a person running. Of the two who did not immediately recogruse It, one farmer could not 
say what is was, one said it was a human coughing and spitting, whilst the other thought 
it was a man with 
broken legs. They all agreed that running is hard work, however thought that weeding was harder work 
than running. 
*00 
U 
'a 
Figure A4 Running man- "Hard work" 
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No Discomfort 
Figure A5 was recognised by both groups to represent the face of a human, The Seidi group thought it 
was not a happy face, whilst the Kobeng group were divided as to whether it was happy or sad. Both 
groups agreed that for it to be recognised as a happy face, it would have to show its teeth. 
Figure A5 was considered to represent a happy face by four of the six individual farmers, belieVing it to be laughing. They agreed that this was a 'comfortable' expression. Whilst the other two farmers were able to 
identify it as a human face, they were unable to attribute any emotion to it. 
I, 
Figure A5 Smiling face: happy, content, comfortable 
Maximum Discomfort 
The group at Seidi could not identify Figure A6 as a face and therefore could not associate It With any 
emotion. The Kobeng group recognised it as a sad or angry face, and agreed that it could represent 
discomfort. One of the farmers questioned individually about Figure A6 could not ascribe any meaning to 
it, whilst another thought it was a picture of an egg. Of those who identified it as a face, three thought it 
looked unhappy or uncomfortable whilst the remaining farmer was unable to attribute any emotion to it. 
Figure A6 Disturbed face- unhappy, uncomfortable 
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Appendix 43 Raw data from Case study 
Igo - 
ISO 
$40 
120 
100 
so Ckv I 
Chip 2 
YU* (ON") 
Subject 5 
Subject 2 
140 
120 
100 
Cho I 
(202 
00 
Tien@ fnbvo) 
Subject 4 
190 
160 
1 140 
120 
100 
go 
__ýW! 
2' 
Tkno Imim) 
ject 
Figure A7 Heart rates for subjects during trails with existing machine (chip 1) and prototype (chip 
2) 
Appendix 44 Air temperature during trials ('C) 
Chipper I Chipper 2 
Subject 
-- -Mea 'n 
SD Mean SD 
I i5.77 1.24 29.70 0.85 
2 38.19 2.33 31.88 1.67 
3 37.99 3.48 26.36 0.97 
4 37.36 1.03 36.82 1.50 
5 35.46 1.16 31.39 0.76 
6 32.29 0.31 38.74 2.12 
Mean 36.17 32.48 
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Appendix 45 Mean black globe (t. 0=0.04m) temperatures during trials (oC) 
Chipper I Chipper 2 
Subject Mean SD Mean SD 
1 35.61 1.21 29.39 0.72 
2 39.79 2.78 32.57 1.74 
3 38.90 3.49 29.15 1.81 
4 38.37 0.94 36.62 0.86 
5 36.10 1.14 40.69 2.86 
6 33.06 0.47 39.87 1.95 
Mean 36.97 34.71 
Appendix 46 Mean relative humidity during trials 
Chipper I Chipper 2 
Subj ect Mean SD Mean SD 
1 57.89 3.18 76.30 3.20 
2 47.11 3.83 68.70 5.88 
3 50.38 9.64 84,75 2.70 
4 50.88 1.77 47.13 2.53 
5 54.24 4.11 70.16 3.13 
6 62.59 1.92 48.25 4.23 
Mean 53.85 65.88 
Appendix 47 Air velocity 
Equipment to accurately measure air velocity was not available during the trials and the 'bubble method' 
proved difficult to use in outdoor conditions with the wind direction constantly changing. From the 
surrounding environment, using the Beaufort scale it was estimated to be "light air" (V,, = 0.28-1.39ni/s) 
for all trails. 
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Appendix 48 Published papers arising from research 
1. McNeill and O'Neill, 1998, Occupational disorders in Ghanaian Subsistence 
Farmers, Contemporary Ergonomics, Proceedings of the Annual Conference of the 
Ergonomics Society, Royal Agricultural College, Cirencester, 1-3) Apnl 1998. 
M. A. Hanson, (ed). 1998: 592-597 
2. McNeill and Parsons, The appropriateness of international heat stress standards for 
use in tropical agricultural environrnents,. Ergonomics, (In Press). 
3. McNeill and Westby, Ergonomics evaluation of a manually operated cassava 
chipping machine, Applied Ergonomics, (In Press). 
4. McNeilL Parsons and O'Neill, Ergonomics in Industrially Developing Countries. 
Science, Technology and Development, (In Press). 
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